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(57) An arithmetic logic unit according to an embod-
iment of the present technology includes: a plurality of
input lines; and a multiply-accumulate operation device.
Electrical signals are input to the plurality of input lines.
The multiply-accumulate operation device includes a pair
of output lines, a plurality of multiplication units including
a weight unit that generates, on the basis of the electrical
signals input to the plurality of input lines, charges cor-
responding to multiplication values obtained by multiply-
ing signal values represented by the electrical signals by

weight values, a holding unit that holds a binary state,
and a switch unit that outputs, on the basis of the held
binary state, the charges generated by the weight unit to
one of the pair of output lines, an accumulation unit that
accumulates the charges output to the pair of output lines
by the plurality of multiplication units, and an output unit
that outputs, on the basis of the accumulated charges, a
multiply-accumulate signal representing a sum of the
multiplication values.
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Description

Technical Field

[0001] The present technology relates to an arithmetic logic unit, a multiply-accumulate operation device, a multiply-
accumulate operation circuit, and a multiply-accumulate operation system that are applicable to a multiply-accumulate
operation using an analog system.

Background Art

[0002] In the past, a technology for performing a multiply-accumulate operation has been developed. The multiply-
accumulate operation is an operation that multiplies each of a plurality of input values by a weight and adds the multi-
plication results to each other, and is used for, for example, processing of recognizing an image and voice by a neural
network or the like.
[0003] For example, Patent Literature 1 describes an analog circuit in which processing of a multiply-accumulate
operation is performed by an analog system. In this analog circuit, a weight corresponding to each of a plurality of
electrical signals is set. Further, charges corresponding to the corresponding electrical signal and the weight are output,
and the output charges are appropriately accumulated in a capacitor. Then, a value to be calculated representing the
multiply-accumulate result is calculated on the basis of the voltage of the capacitor in which charges are accumulated.
As a result, the power consumed by the multiply-accumulate operation can be reduced as compared with processing
using a digital system, for example (paragraphs [0003], [0049] to [0053], and [0062] of the specification and Fig. 3 of
Patent Literature 1, etc.).

Citation List

Patent Literature

[0004] Patent Literature 1: WO 2018/034163

Disclosure of Invention

Technical Problem

[0005] The use of such a circuit using an analog system is expected to lead to lower power consumption of a neural
network or the like, and there is a need for a technology that easily integrates the circuit of the analog system performing
a multiply-accumulate operation.
[0006] In view of the circumstances as described above, it is an object of the present technology to provide an arithmetic
logic unit, a multiply-accumulate operation device, a multiply-accumulate operation circuit, and a multiply-accumulate
operation system that are capable of easily integrating the circuit of the analog system performing a multiply-accumulate
operation.

Solution to Problem

[0007] In order to achieve the above-mentioned object, an arithmetic logic unit according to an embodiment of the
present technology includes: a plurality of input lines; and a multiply-accumulate operation device.
[0008] Electrical signals are input to the plurality of input lines.
[0009] The multiply-accumulate operation device includes a pair of output lines, a plurality of multiplication units in-
cluding a weight unit that generates, on the basis of the electrical signals input to the plurality of input lines, charges
corresponding to multiplication values obtained by multiplying signal values represented by the electrical signals by
weight values, a holding unit that holds a binary state, and a switch unit that outputs, on the basis of the held binary
state, the charges generated by the weight unit to one of the pair of output lines, an accumulation unit that accumulates
the charges output to the pair of output lines by the plurality of multiplication units, and an output unit that outputs, on
the basis of the accumulated charges, a multiply-accumulate signal representing a sum of the multiplication values.
[0010] In this arithmetic logic unit, electrical signals are input to a plurality of input lines. A plurality of multiplication
units of a multiply-accumulate operation device generates charges corresponding to multiplication values obtained by
multiplying signal values of the electrical signals by weight values. The generated charges are input to one of a pair of
output lines on the basis of a state of a holding unit that holds a binary state. The charges output from each of the plurality
of multiplication units are accumulated, and a multiply-accumulate signal is output on the basis of the accumulated
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charges. Such a configuration of the multiplication unit can be integrated using a technology for producing integrated
circuits, or the like, making it possible to easily integrate the circuit of the analog system performing a multiply-accumulate
operation.
[0011] The weight unit may include a MOS transistor including an input terminal, an output terminal, and a gate terminal
for controlling conduction between the input terminal and the output terminal.
[0012] As a result, it is possible to easily configure the weight unit by using a technology for producing MOS transistors,
or the like, and easily integrate the circuit of the analog system performing a multiply-accumulate operation.
[0013] The weight value may be set by a resistance between the input terminal and the output terminal.
[0014] As a result, for example, by setting a weight value as appropriate, it is possible to appropriately control the
amount of charges corresponding to the multiplication value. As a result, it is possible to appropriately execute a multiply-
accumulate operation.
[0015] The holding unit may include a first terminal and a second terminal that switch and output, on the basis of the
held binary state, two types of voltages so that the voltages differ from each other.
[0016] As a result, it is possible to appropriately execute switch control in accordance with the binary state, for example,
and appropriately execute a multiply-accumulate operation.
[0017] The gate terminal may be connected to the input line. In this case, the input terminal may be connected to one
of the first terminal, the second terminal, and a predetermined constant voltage source.
[0018] As a result, for example, it is possible to stabilize the potential of the input terminal, and improve the stability
of the processing.
[0019] The input terminal may be connected to the input line. In this case, the gate terminal may be connected to one
of the first terminal, the second terminal, and a predetermined gate voltage source.
[0020] As a result, for example, it is possible to separate the line that controls the gate terminal and the line that
transmits electrical signals and charges from each other, and suppress the influence of GND noise, and the like.
[0021] The weight unit may include a first MOS transistor and a second MOS transistor connected to the same input
line. In this case, the switch unit may include the first and second MOS transistors.
[0022] As a result, it is possible to suppress the number of necessary MOS transistors, and the like. As a result, it is
possible to reduce the device area, and increase the element density.
[0023] The pair of output lines may include a first output line and a second output line. In this case, the switch unit
may include a first switch element that connects the output terminal and the first output line to each other and a second
switch element that connects the output terminal and the second output line to each other.
[0024] As a result, it is possible to appropriately switch the connection destination of the output terminal, and appro-
priately execute a multiply-accumulate operation.
[0025] The holding unit may be connected to the input terminal. In this case, the weight unit may output a control signal
for controlling the binary state of the holding unit from the input terminal.
[0026] As a result, it is possible to suppress the number of necessary MOS transistors, and the like. As a result, it is
possible to reduce the device area, and increase the element density.
[0027] The weight unit may generate charges corresponding to a multiplication value obtained by multiplying the signal
value by an absolute value of the weight value. In this case, the holding unit may hold a binary state corresponding to
a sign of the weight value.
[0028] As a result, for example, it is possible to easily realize processing of multiplying by the positive and negative
weight values, and perform multiplication processing with a simple circuit configuration.
[0029] The weight value may be set to one of a first value and a second value having equal absolute values and
different signs in the plurality of multiplication units.
[0030] As a result, for example, it is possible to implement a binarized weight value whose positive and negative signs
are set in accordance with the binary state. As a result, it is possible to perform a multiply-accumulate operation of the
binary connection method.
[0031] The plurality of input lines may include a pair of a plurality of the input lines, the pair including a first input line
and a second input line. In this case, the multiplication unit may include a first weight unit connected to the first input
line and a second weight unit connected to the second input line, of the pair of input lines.
[0032] As a result, it is possible to perform, for example, weight processing for a two-input electrical signal including
a positive signal and a negative signal. As a result, it is possible to execute a multiply-accumulate operation of various
methods.
[0033] The multiplication unit may include a first switch unit that outputs, on the basis of the held binary state, charges
generated by the first weight unit to one of the pair of output lines, and a second switch unit that outputs charges generated
by the second weight unit to the other of the pair of output lines.
[0034] As a result, it is possible to perform, for example, weight processing for a two-input electrical signal including
a positive signal and a negative signal. As a result, it is possible to perform a multiply-accumulate operation of various
methods.
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[0035] The weight unit may include a high-resistance element that controls an amount of charges corresponding to
the multiplication value.
[0036] As a result, for example, it is possible to control the amount of charges accumulated in the accumulation unit,
and calculate a multiply-accumulate result with desired accuracy.
[0037] The weight unit may include a MOS transistor that operates in a subthreshold region.
[0038] As a result, for example, it is possible to control the amount of charges accumulated in the accumulation unit,
and sufficiently suppress the power consumption required for the multiply-accumulate operation, and the like.
[0039] The arithmetic logic unit may further include a plurality of the multiply-accumulate operation devices connected
in parallel to each of the plurality of input lines.
[0040] As a result, for example, it is possible to execute a plurality of multiply-accumulate operations at the same time,
and exhibit excellent operation performance.
[0041] The plurality of input lines may be wired so as to cross a plurality of pairs of the output lines included in the
plurality of multiply-accumulate operation devices.
[0042] As a result, it is possible to use a crossbar structure where the input line and the output line cross with each
other, and easily integrate the circuit of the analog system performing a multiply-accumulate operation.
[0043] The electrical signal may be a signal representing the signal value by timing within an input period or a pulse
width. In this case, the multiply-accumulate operation device may include a charging unit that charges the accumulation
unit at a constant charging speed in an output period after the input period. Further, the output unit may output the
multiply-accumulate signal by performing threshold determination on a potential of the accumulation unit in the output
period.
[0044] As a result, it is possible to easily detect charges accumulated in the accumulation unit with high accuracy. As
a result, it is possible to easily generate a multiply-accumulate signal with high precision.
[0045] The charging unit may connect the accumulation unit to the pair of output lines in the input period, and may
connect the accumulation unit to a current source in the output period, the current source supplying a current corre-
sponding to the constant charging speed.
[0046] As a result, it is possible to appropriately accumulate charges in the input period, appropriately read charges
in the output period, and appropriately execute a multiply-accumulate operation.
[0047] The charging unit may connect the accumulation unit to a GND before the input period.
[0048] As a result, for example, it is possible to initialize the accumulation state by setting charges or the like accu-
mulated in the accumulation unit to zero, and repeatedly execute appropriate arithmetic processing.
[0049] A multiply-accumulate operation device according to an embodiment of the present technology includes: a pair
of output lines; a plurality of multiplication units; an accumulation unit; and an output unit.
[0050] The multiplication unit includes a weight unit that generates, on the basis of the electrical signals input to the
plurality of input lines, charges corresponding to multiplication values obtained by multiplying signal values represented
by the electrical signals by weight values, a holding unit that holds a binary state, and a switch unit that outputs, on the
basis of the held binary state, the charges generated by the weight unit to one of the pair of output lines.
[0051] The accumulation unit accumulates the charges output to the pair of output lines by the plurality of multiplication
units.
[0052] The output unit outputs, on the basis of the accumulated charges, a multiply-accumulate signal representing
a sum of the multiplication values.
[0053] A multiply-accumulate operation circuit according to an embodiment of the present technology includes: a pair
of output lines; a plurality of multiplication units; an accumulation unit; and an output unit.
[0054] The multiplication unit includes a weight unit that generates, on the basis of the electrical signals input to the
plurality of input lines, charges corresponding to multiplication values obtained by multiplying signal values represented
by the electrical signals by weight values, a holding unit that holds a binary state, and a switch unit that outputs, on the
basis of the held binary state, the charges generated by the weight unit to one of the pair of output lines.
[0055] The accumulation unit accumulates the charges output to the pair of output lines by the plurality of multiplication
units.
[0056] The output unit outputs, on the basis of the accumulated charges, a multiply-accumulate signal representing
a sum of the multiplication values.
[0057] A multiply-accumulate operation system according to an embodiment of the present technology includes: a
plurality of input lines; a plurality of analog circuits; and a network circuit.
[0058] Electrical signals are input to the plurality of input lines.
[0059] The plurality of analog circuits includes a pair of output lines, a plurality of multiplication units including a weight
unit that generates, on the basis of the electrical signals input to the plurality of input lines, charges corresponding to
multiplication values obtained by multiplying signal values represented by the electrical signals by weight values, a
holding unit that holds a binary state, and a switch unit that outputs, on the basis of the held binary state, the charges
generated by the weight unit to one of the pair of output lines, an accumulation unit that accumulates the charges output
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to the pair of output lines by the plurality of multiplication units, and an output unit that outputs, on the basis of the
accumulated charges, a multiply-accumulate signal representing a sum of the multiplication values.
[0060] The network circuit is configured by connecting the plurality of analog circuits.

Advantageous Effects of Invention

[0061] As described above, in accordance with the present technology, it is possible to easily integrate the circuit of
the analog system performing a multiply-accumulate operation. It should be noted that the effects described here are
not necessarily limitative, and any of the effects described in the present disclosure may be provided.

Brief Description of Drawings

[0062]

[Fig. 1] Fig. 1 is a schematic diagram showing a configuration example of an arithmetic logic unit according to a first
embodiment of the present technology.
[Fig. 2] Fig. 2 is a schematic diagram showing an example of an electrical signal input to an analog circuit.
[Fig. 3] Fig. 3 is a schematic diagram showing a specific configuration example of an arithmetic logic unit.
[Fig. 4] Fig. 4 is a schematic diagram showing a configuration example of a neuron circuit.
[Fig. 5] Fig. 5 is a circuit diagram showing a configuration example of a synapse circuit.
[Fig. 6] Fig. 6 is a timing chart showing an example of an operation of the synapse circuit.
[Fig. 7] Fig. 7 is a circuit diagram showing an example of an input circuit that inputs an electrical signal to an Axon line.
[Fig. 8] Fig. 8 is a timing chart showing an example of an operation of the input circuit.
[Fig. 9] Fig. 9 is a circuit diagram showing an example of a function circuit that implements a ReLU function.
[Fig. 10] Fig. 10 is a timing chart showing an example of an operation of the function circuit.
[Fig. 11] Fig. 11 is a circuit diagram showing another configuration example of the synapse circuit.
[Fig. 12] Fig. 12 is a schematic diagram showing a configuration example of an arithmetic logic unit according to a
second embodiment.
[Fig. 13] Fig. 13 is a schematic diagram showing an example of an electrical signal input to the analog circuit.
[Fig. 14] Fig. 14 is a schematic diagram showing a specific configuration example of the arithmetic logic unit.
[Fig. 15] Fig. 15 is a schematic diagram showing a configuration example of the neuron circuit.
[Fig. 16] Fig. 16 is a circuit diagram showing a configuration example of the synapse circuit.
[Fig. 17] Fig. 17 is a timing chart showing an example of an operation of the synapse circuit.
[Fig. 18] Fig. 18 is a circuit diagram showing an example of an input circuit that inputs an electrical signal to 6Axon
lines.
[Fig. 19] Fig. 19 is a timing chart showing an example of an operation of the input circuit.
[Fig. 20] Fig. 20 is a circuit diagram showing an example of the function circuit that implements the ReLU function.
[Fig. 21] Fig. 21 is a circuit diagram showing another configuration example of the synapse circuit.
[Fig. 22] Fig. 22 is a circuit diagram showing another configuration example of the synapse circuit.
[Fig. 23] Fig. 23 is a circuit diagram showing another configuration example of the synapse circuit.
[Fig. 24] Fig. 24 is a circuit diagram showing another configuration example of the synapse circuit.
[Fig. 25] Fig. 25 is a circuit diagram showing another configuration example of the synapse circuit.
[Fig. 26] Fig. 26 is a circuit diagram showing a specific configuration example of the neuron circuit shown in Fig. 4.
[Fig. 27] Fig. 27 is a timing chart showing an operation example of the neuron circuit shown in Fig. 26.
[Fig. 28] Fig. 28 is a circuit diagram showing a specific configuration example of the neuron circuit shown in Fig. 15.
[Fig. 29] Fig. 29 is a timing chart showing an operation example of the neuron circuit shown in Fig. 28.
[Fig. 30] Fig. 30 is a timing chart showing another operation example of the neuron circuit shown in Fig. 28.

Mode(s) for Carrying Out the Invention

<First embodiment>

[Configuration of arithmetic logic unit]

[0063] Fig. 1 is a schematic diagram showing a configuration example of an arithmetic logic unit according to a first
embodiment of the present technology. An arithmetic logic unit 100 is an arithmetic logic unit using an analog system,
which executes predetermined arithmetic processing including a multiply-accumulate operation. By using the arithmetic
logic unit 100, for example, it is possible to execute arithmetic processing according to a mathematical model such as
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a neural network.
[0064] The arithmetic logic unit 100 includes a plurality of signal lines 1, a plurality of input units 2, and a plurality of
analog circuits 3. Each of the signal lines 1 is a line that transmits an electrical signal of a predetermined method. As
the electrical signal, for example, an analog signal representing a signal value using an analog amount such as the
timing and width of the pulse is used. The method of the electrical signal will be described in detail below. The directions
in which electrical signals are transmitted are schematically illustrated in Fig. 1 by means of arrows. In this embodiment,
the analog circuit 3 corresponds to the multiply-accumulate operation device.
[0065] For example, the plurality of signal lines 1 is connected to one analog circuit 3. The signal line 1 that transmits
an electrical signal to the analog circuit 3 is an input signal line to which an electrical signal is input for the analog circuit
3 to which the signal line 1 is connected. Further, the signal line 1 that transmits an electrical signal output from the
analog circuit 3 is an output signal line from which an electrical signal is output for the analog circuit 3 to which the signal
line 1 is connected. In this embodiment, the input signal line corresponds to the input line.
[0066] Each of the plurality of input units 2 generates a plurality of electrical signals corresponding to input data 4.
The input data 4 is, for example, data to be processed using a neural network or the like implemented by the arithmetic
logic unit 100. Therefore, it can also be said that the respective signal values of the plurality of electrical signals according
to the input data 4 are input values to the arithmetic logic unit 100.
[0067] As the input data 4, for example, arbitrary data such as image data, audio data, and statistical data to be
processed by the arithmetic logic unit 100 is used. For example, in the case where image data is used as the input data
4, an electrical signal having a signal value corresponding to the pixel value (RGB value, luminance value, etc.) of each
of the pixels of the image data is generated. In addition, an electrical signal corresponding to the input data 4 may be
appropriately generated in accordance with the type of the input data 4 and the content of the processing by the arithmetic
logic unit 100.
[0068] The analog circuit 3 is a circuit using an analog system, which performs a multiply-accumulate operation on
the basis of the input electrical signal. The multiply-accumulate operation is, for example, an operation of adding a
plurality of multiplication values obtained by multiplying a plurality of input values by weight values corresponding to the
input values. Therefore, it can also be said that the multiply-accumulate operation is processing of calculating the sum
(hereinafter, referred to as the multiply-accumulate result) of the respective multiplication values.
[0069] As shown in Fig. 1, a plurality of input signal lines is connected to one analog circuit 3, and a plurality of electrical
signals is provided thereto. The plurality of input signal lines and the analog circuit constitute the multiply-accumulate
operation circuit according to this embodiment. Further, a plurality of electrical signals is input from each of the input
signal lines, and thus, the multiply-accumulate operation method according to this embodiment is executed by the
multiply-accumulate operation circuit (the analog circuit 3).
[0070] In the following, assumption is made that the total number of electrical signals input to one analog circuit 3 is
N. Note that the number N of the electrical signals to be input to each of the analog circuits 3 is appropriately set for
each of the circuits in accordance with, for example, the model, accuracy, and the like of arithmetic processing.
[0071] In the analog circuit 3, for example, wi·xi, which is a multiplication value obtained by multiplying a signal value
xi represented by the electrical signal input from the i-th input signal line and a weight value wi corresponding to the
signal value xi is calculated. Here, i is a natural number equal to or less than N (i=1, 2, ..., N). The operation of the
multiplication value is executed for each electrical signal (input signal line) and N multiplication values are calculated.
The sum of the N multiplication values is calculated as a multiply-accumulate result (sum of the N multiplication values).
Therefore, the multiply-accumulate result calculated by one analog circuit 3 is expressed by the following formula.

[0072] The weight value wi is set in the range of, for example, - α≤wi≤α. Here, α represents an arbitrary real value.
Therefore, the weight value wi includes a positive weight value wi, a negative weight value wi, the weight value wi that
is zero, or the like. As described above, by setting the weight value wi to be within a predetermined range, it is possible
to avoid the situation in which the multiply-accumulate result is divergent.
[0073] Further, for example, the range in which the weight value wi is set may be normalized. In this case, the weight
value wi is set within the range of -1≤wi≤1. As a result, for example, the maximum value, the minimum value, and the
like of the multiply-accumulate result can be adjusted, and a multiply-accumulate operation can be executed with desired
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accuracy.
[0074] In a neural network or the like, a method called binary connection, which sets the weight value wi to either +α
or -α, can be used. The binary connection is used in various fields, such as image recognition using a deep neural
network (multi-layer neural network). It is possible to simplify the setting of the weight value wi without deteriorating the
recognition accuracy or the like by using the binary connection.
[0075] As described above, in the binary connection, the weight value wi is binarized to binary values (6α) . Therefore,
for example, by switching the positive and negative of the weight value wi, it is possible to easily set a desired weight
value wi. Further, the binarized weight value wi may be normalized to set the weight value wi to 61. In addition, the
setting range, value, and the like of the weight value wi are not limited, and may be appropriately set so that, for example,
desired processing accuracy is realized.
[0076] The signal value xi is, for example, an electrical signal output from the input unit 2 or a multiply-accumulate
result output from the analog circuit 3. Thus, it can be said that the input unit 2 and the analog circuit 3 function as a
signal source that outputs the signal value xi.
[0077] In the example shown in Fig. 1, a single electrical signal (single signal value xi) is output from one signal source
(the input unit 2, the analog circuit 3). Therefore, the same electrical signal is input to the plurality of signal lines 1
connected to the output side of the one signal source. Further, one signal source and the analog circuit 3 to which the
electrical signal output from the signal source is input are connected to each other by a single input signal line.
[0078] Therefore, for example, M input signal lines are connected to the analog circuit 3 connected to M signal sources
in the arithmetic logic unit 100 shown in Fig. 1. In this case, the total number N of the electrical signals input to the analog
circuits 3 is M. Note that a pair of positive and negative electrical signals (a pair of signal values xi

+ and xi
-) may be

output from one signal source (see Fig. 12 and the like).
[0079] As shown in Fig. 1, the arithmetic logic unit 100 has a hierarchical structure in which the plurality of analog
circuits 3 is provided in each of a plurality of layers. By configuring the layer structure of the analog circuits 3, for example,
a multi-layer perceptron type neural network or the like is constructed. The number of the analog circuits provided in
each layer, the number of layers, and the like are appropriately designed so that, for example, desired processing can
be executed. In the following, the number of the analog circuits 3 provided in the layer of the j-th stage will be referred
to as Nj in some cases.
[0080] For example, N electrical signals generated by N input units 2 are input to each of the analog circuits 3 provided
in the layer of the first stage (the lowest layer). Each of the analog circuits 3 in the first stage calculates the multiply-
accumulate result relating to the signal value xi of the input data, and the calculated multiply-accumulate result is subjected
to non-linear transformation processing and then output to the analog circuits 3 provided in the next layer (second stage).
[0081] N1 electrical signals representing the multiply-accumulate results calculated in the first stage are input to the
respective analog circuits 3 provided in the second layer (upper layer). Therefore, the non-linear transformation process-
ing result of each of the multiply-accumulate results calculated in the first stage when viewed from each of the analog
circuits 3 in the second stage is the signal value xi of the electrical signal. The multiply-accumulate result relating to the
signal value xi output from the first stage is calculated by the analog circuit 3 in the second stage, and output to the
analog circuit 3 in the upper layer.
[0082] In this way, in the arithmetic logic unit 100, the multiply-accumulate result of the analog circuit 3 in the upper
layer is calculated on the basis of the multiply-accumulate result calculated by the analog circuit 3 in the lower layer.
Such processing is executed a plurality of times, and the processing result is output from the analog circuit 3 included
in the top layer (the layer of the third stage in Fig. 1). As a result, for example, processing such as image recognition of
determining that the object is a cat on the basis of image data (the input data 4) obtained by imaging the cat can be
performed.
[0083] As described above, a desired network circuit can be formed by appropriately connecting the plurality of analog
circuits 3. The network circuit functions as a data flow processing system for performing arithmetic processing by, for
example, passing a signal. In the network circuit, various processing functions can be realized by appropriately setting,
for example, a weight value (synaptic connection). With this network circuit, the multiply-accumulate operation system
according to this embodiment is constructed.
[0084] Note that the method of connecting the analog circuits 3 to each other, and the like are not limited, and, for
example, the plurality of analog circuits 3 may be appropriately connected to each other so that desired processing can
be performed. For example, the present technology is applicable even in the case where the analog circuits 3 are
connected to each other so as to constitute another structure different from the hierarchical structure.
[0085] In the above description, the configuration in which a multiply-accumulate result calculated in the lower layer
is input to the upper layer as it is has been described. The present invention is not limited thereto. For example, conversion
processing or the like may be performed on the multiply-accumulate result. For example, in the neural network model,
processing such as performing non-linear conversion on the multiply-accumulate result of each of the analog circuits 3
using an activation function, and inputting the conversion result to the upper layer is performed.
[0086] In the arithmetic logic unit 100, for example, a function circuit 5 that performs non-linear transformation by an
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activation function on the electrical signal is used. The function circuit 5 is, for example, a circuit that is provided between
a lower layer and an upper layer, appropriately converts a signal value of an electrical signal to be input, and outputs
an electrical signal according to a result of the conversion. The function circuit 5 is provided for each of the signal lines
1, for example. The number, arrangement, and the like of the function circuits 5 are appropriately set in accordance with,
for example, the mathematical model implemented in the arithmetic logic unit 100.
[0087] As the activation function, for example, a ReLU function (ramp function) or the like is used. In the ReLU function,
the signal value xi is output as it is in the case where, for example, the signal value xi is 0 or more, and 0 is output in
other cases. For example, the function circuit 5 that implements a ReLU function is connected to each of the signal lines
1 as appropriate. As a result, it is possible to realize the processing of the arithmetic logic unit 100.
[0088] Fig. 2 is a schematic diagram showing an example of the electrical signal input to the analog circuit 3. Fig. 2
schematically illustrates a graph representing waveforms of a plurality of electrical signals input to one analog circuit 3.
The horizontal axis of the graph represents the time axis, and the vertical axis represents the voltage of the electrical
signal. Note that the time axis of each graph is common.
[0089] In this embodiment, an electrical signal using a pulse width modulation (PWM) system is used. The PWM
system is, for example, a method of representing the signal value xi using a pulse width τi of a pulse waveform. That is,
in the PWM system, the pulse width τi of the electrical signal is a length corresponding to the signal value xi. Typically,
the longer pulse width τi represents the larger signal value xi.
[0090] Further, the electrical signal is input to the analog circuit 3 during a predetermined input period T. More spe-
cifically, the respective electrical signals are input to the analog circuits 3 so that the pulse waveforms of the electrical
signals fall within the input period T. Therefore, the maximum value of the pulse width of the electrical signal is similar
to the input period T. Note that the timing at which the respective pulse waveforms (electrical signals) are input, and the
like are not limited as long as the pulse waveforms fall within the input period T.
[0091] In the PWM system, for example, a duty ratio Ri (=τi/T) of the pulse width τi to the input period T can be used
to normalize the signal value xi. That is, the normalized signal value xi is represented as the signal value xi=Ri. Note
that the method of associating the pulse width τi and the signal value xi with each other is not limited. For example, the
pulse width τi representing the signal value xi may be appropriately set so that arithmetic processing or the like can be
performed with desired accuracy. In the following, description will be made assuming that the signal value xi represented
by each electrical signal is a variable of 0 or more and 1 or less.
[0092] Fig. 3 is a schematic diagram showing a specific configuration example of the arithmetic logic unit 100. Fig. 3
is an arrangement example of circuits for realizing the arithmetic logic unit 100 shown in Fig. 1, for example, and
schematically illustrates the plurality of analog circuits 3 provided in one layer of the arithmetic logic unit 100.
[0093] The analog circuits 3 each include a pair of output lines 7, a plurality of synapse circuits 8, and a neuron circuit
9. As shown in Fig. 3, one analog circuit 3 is configured to extend in a predetermined direction (longitudinal direction in
the figure). The analog circuits 3 extending in the longitudinal direction are arranged side by side in the lateral direction,
thereby forming one layer. Hereinafter, the analog circuit 3 disposed on the leftmost side in the figure will be referred to
as the first analog circuit 3. Further, the direction in which the analog circuits 3 extend is referred to as the extension
direction in some cases.
[0094] The pair of output lines 7 are spaced apart from each other along the extension direction. The pair of output
lines 7 include a positive output line 7a and a negative output line 7b. Each of the output lines 7a and 7b is connected
to the neuron circuit 9 via the plurality of synapse circuits 8. The positive output line 7a corresponds to the first output
line, and the negative output line 7b corresponds to the second output line.
[0095] The synapse circuit 8 calculates the multiplication value (wi·xi) of the signal value xi represented by the electrical
signal and the weight value wi. Specifically, charges (current) corresponding to the multiplication value are output to
either the output line 7a or 7b.
[0096] As will be described below, either a positive weight value wi or a negative weight value wi

- is set for the synapse
circuit 8. For example, charges corresponding to the multiplication value with the positive weight value wi

+ are output to
the positive output line 7a. Further, charges corresponding to the multiplication value with the negative weight value wi

-

are output to the negative output line 7a. Note that in the synapse circuit 8, charges of the same sign (e.g., positive
charges) are output regardless of the positive and negative of the weight value wi as charges corresponding to the
multiplication value.
[0097] As described above, the synapse circuit 8 is configured to output the multiplication result (charges) to the
different output line 7 in accordance with the sign of the weight value wi. A specific configuration of the synapse circuit
8 will be described below in detail. In this embodiment, the synapse circuit 8 corresponds to the multiplication unit.
[0098] In this embodiment, a single input signal line 6 and the pair of output lines 7 are connected to one synapse
circuit 8. That is, a single electrical signal is input to one synapse circuit 8, and charges corresponding to the multiplication
value calculated on the basis of the input electrical signal are output to one of the output lines 7. Thus, the synapse
circuit 8 is a one-input two-output circuit connected to the single input signal line 6 and the pair of output lines 7a and 7b.
[0099] In one analog circuit 3, the plurality of synapse circuits 8 is arranged along the pair of output lines 7. Each of
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the synapse circuits 8 is connected in parallel to the output line 7a (the output line 7b). Hereinafter, the synapse circuit
8 disposed on the most downstream side of the output line 7 (the side connected to the neuron circuit 9) will be referred
to as the first synapse circuit.
[0100] As shown in Fig. 3, the plurality of input signal lines 6 is arranged so as to cross the plurality of pairs of the
output lines 7 of the plurality of analog circuits 3. Typically, the input signal line 6 is disposed perpendicular to the
respective output lines 7. That is, the arithmetic logic unit 100 has a crossbar configuration in which the input signal line
6 and the output line 7 cross each other. By using the crossbar configuration, for example, the analog circuits 3 or the
like can be integrated at high density.
[0101] Further, in the arithmetic logic unit 100, the j-th synapse circuit 8 included in each of the analog circuits 3 is
connected in parallel to the j-th input signal line 6. Therefore, similar electrical signals are input to the synapse circuits
8 connected to the same input signal line 6. As a result, a configuration in which one signal source included in the lower
layer is connected to the plurality of analog circuits 3 included in the upper layer can be implemented (see Fig. 1).
[0102] Note that in the example shown in Fig. 3, the analog circuits 3 (pre-neuron) included in the lower layer are
schematically illustrated as a signal source that inputs an electrical signal to each of the input signal lines 6. The present
technology is not limited thereto, and, for example, a crossbar configuration can be used even in the case where the
input unit 2 is used as the signal source.
[0103] As described above, in the arithmetic logic unit 100, the plurality of analog circuits 3 is connected in parallel to
each of the plurality of input signal lines 6. As a result, for example, it is possible to input an electrical signal in parallel
to each of the analog circuits 3 (each of the synapse circuits 8), and speed up the arithmetic processing. As a result, it
is possible to exhibit excellent operation performance.
[0104] The neuron circuit 9 calculates the multiply-accumulate result shown in the formula (Math. 1) on the basis of
the multiplication value calculated by each of the synapse circuits 8. Specifically, an electrical signal (multiply-accumulate
signal) representing the multiply-accumulate result is output on the basis of charges input via the pair of output lines 7.
[0105] Fig. 4 is a schematic diagram showing a configuration example of the neuron circuit 9. The neuron circuit 9
includes an accumulation unit 11 and an output unit 12. Fig. 4 shows the two-input one-output neuron circuit 9 connected
to the pair of output lines 7 and a single output signal line 10. Note that a two-input two-output circuit or the like can be
used as the neuron circuit 9 in some cases (see Fig. 15).
[0106] The accumulation unit 11 accumulates the charges output to the pair of output lines 7 by the plurality of synapse
circuits 8. The accumulation unit 11 includes two capacitors 13a and 13b. The capacitor 13a is connected between the
positive output line 7a and a GND. Further, the capacitor 13b is connected between the negative output line 7b and a
GND. Therefore, charges flowing in from the output lines 7a and 7b are respectively accumulated in the capacitors 13a
and 13b.
[0107] For example, when the input period T of the electrical signal has elapsed, charges accumulated in the capacitor
13a are the total sum σ+ of charges corresponding to multiplication values with the positive weight value wi

+. Further,
similarly, charges accumulated in the capacitor 13b are the total sum σ- of charges corresponding to multiplication values
with the negative weight value wi

+.
[0108] For example, when charges are accumulated in the capacitor 13a, the potential of the positive output line 7a
with reference to the GND increases. Therefore, the potential of the positive output line 7a has a value corresponding
to the total sum σ+ of charges corresponding to multiplication values with the positive weight value wi

+. Similarly, the
potential of the negative output line 7b has a value corresponding to the total sum σ- of charges corresponding to
multiplication values with the negative weight value wi

+.
[0109] The output unit 12 outputs a multiply-accumulate signal representing the sum of the multiplication value (wi·xi)
on the basis of charges accumulated in the accumulation unit 11. The multiply-accumulate signal is, for example, a
signal representing the entire multiply-accumulate result, which is the sum of multiplication values of all the positive and
negative weight values wi and the signal value xi. For example, the multiply-accumulate result represented by (Math. 1)
can be written as follows.

[0110] Here, N+ and N- are respectively the total number of the positive weight values wi
+ and the total number of the

negative weight values wi
+. As shown in (Math. 2), the entire multiply-accumulate result can be expressed as the difference
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between the positive multiply-accumulate result, which is the total sum of multiplication values (wi
+·xi) with the positive

weight value wi+, and the negative multiply-accumulate result, which is the total sum of multiplication values (| wi
- | · xi)

with the negative weight value wi
+.

[0111] In the example shown in Fig. 4, the output unit 12 generates, for example, one signal representing the entire
multiply-accumulate result as a multiply-accumulate signal. Specifically, by referring to charges accumulated in the
accumulation unit 11 (the capacitors 13a and 13b) as appropriate, a positive multiply-accumulate result and a negative
multiply-accumulate result are calculated, and the entire multiply-accumulate result is calculated from the difference
therebetween. Further, for example, two signals of a positive multiply-accumulate signal and a negative multiply-accu-
mulate signal respectively representing the positive and negative multiply-accumulate results may be generated as the
multiply-accumulate signal.
[0112] The method of referring to the charges accumulated in the accumulation unit 11 is not limited. As an example,
a method of detecting charges accumulated in one capacitor 13 will be described. In the case where a PWM electrical
signal is used, charges corresponding to the multiplication value is accumulated in the capacitor 13 during the input
period T. That is, before and after the input period T, the accumulation of charges corresponding to the multiplication
value does not occur.
[0113] For example, the capacitor 13 is charged at a predetermined charging speed after the input period T. At this
time, a comparator or the like is used to detect the timing when the potential of the output line 7 to which the capacitor
13 is connected reaches a predetermined threshold potential. For example, the more charges at the time of starting
charging, the earlier the timing when the potential reaches the threshold potential. The charges (multiply-accumulate
results) accumulated during the input period T can be represented on the basis of the timing.
[0114] As described above, by charging the accumulation unit 11 (the capacitors 13a and 13b) after the input period
T, the timing representing the multiply-accumulate result is detected. The positive multiply-accumulate signal, the negative
multiply-accumulate signal, or the entire multiply-accumulate signal is appropriately generated on the basis of the de-
tection result. In addition, for example, the potential of the capacitor 13 can be directly read to calculate the multiply-
accumulate results after the input period T.
[0115] Fig. 5 is a circuit diagram showing a configuration example of the synapse circuit 8. Hereinafter, in the crossbar
configuration shown in Fig. 3, using the terminology of neuroscience, the input signal line 6 to which an electrical signal
is applied from a circuit of the preceding stage will be referred to as the Axon line 6 by using the same reference symbol,
and the output line 7 that outputs charges to a circuit of the subsequent stage will be referred to as the Dendrite line 7
using the same reference symbol. Note that the positive output line 7a will be referred to as the +Dendrite line 7a, and
the negative output line 7b will be referred to as the -Dendrite line 7b.
[0116] The synapse circuit 8 includes a first MOS transistor 20a, a second MOS transistor 20b, and a flip-flop circuit
30. Further, the Axon line 6, the +Dendrite line 7a, and the -Dendrite line 7b are connected to the synapse circuit 8.
[0117] The first MOS transistor 20a is a P-type MOS (Metal Oxide Semiconductor) transistor, and includes an input
terminal 21a, an output terminal 22a, and a gate terminal 23a. The input terminal 21a is connected to a first terminal
32a of the flip-flop circuit 30 described below. The output terminal 22a is connected to the +Dendrite line 7a. The gate
terminal 23a is connected to the Axon line 6.
[0118] The gate terminal 23a is a terminal for controlling conduction between the input terminal 21a and the output
terminal 22a. For example, by controlling the voltage applied to the gate terminal 23a, the presence or absence of
conduction (connection/disconnection, etc.) between the input terminal 21a and the output terminal 22a, and the resist-
ance value can be controlled.
[0119] The second MOS transistor 20b is a P-type MOS transistor, and includes an input terminal 21b, an output
terminal 22b, and a gate terminal 23b. The input terminal 21b is connected to a second terminal 32b of the flip-flop circuit
30 described below. The output terminal 22b is connected to the -Dendrite line 7b. The gate terminal 23b is connected
to the Axon line 6.
[0120] As the first MOS transistor 20a and the second MOS transistor 20b, for example, similar p-MOS transistors
prepared on the basis of the same design parameters (gate width, gate length, etc.) are used. In this embodiment, the
first MOS transistor 20a and the second MOS transistor 20b correspond to the weight unit.
[0121] In this embodiment, the first MOS transistor 20a and the second MOS transistor 20b are each a p-MOS transistor
that operates in a subthreshold region. That is, each of the MOS transistors 20a and 20b is used while a gate voltage
lower than or equal to a threshold voltage Vth is applied to the gate terminal. By setting the gate voltage to be equal to
or lower than the threshold voltage Vth, for example, a resistance R between the input terminal and the output terminal
can be set sufficiently high. Further, the rectifying function by the MOS transistor can also be realized. As a result, for
example, it is possible to reduce the current flowing from the input terminal to the output terminal, and significantly reduce
the power consumption.
[0122] The flip-flop circuit 30 is a circuit that holds the binary state. Here, the binary state is, for example, a state
represented by two values that differ from each other. Typically, either a 0 state or a 1 state is held. Further, the held
state can be rewritten from 0 to 1 or from 1 to 0. In this embodiment, the flip-flop circuit 30 corresponds to the holding unit.
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[0123] The flip-flop circuit 30 includes a first inverter 31a, a second inverter 31b, the first terminal 32a, and the second
terminal 32b.
[0124] One inverter 31 is, for example, a circuit configured by using a p-MOS and an n-MOS, and is an element that
inverses the input and outputs the inversed input. As shown in Fig. 5, the output of the first inverter 31a is input to the
second inverter 31b. Further, the output of the second inverter 31b is input to the first inverter 31a. A power supply
voltage line to which a power supply voltage Vdd (e.g., 1.0 V) is applied and a GND are connected to the respective
inverters 31 (both are not shown). Note that the power supply voltage line is provided for each of the inverters 31.
[0125] The first terminal 32a is a terminal connected to the input side of the first inverter 31a (the output side of the
second inverter 31b). The second terminal 32b is a terminal connected to the output side of the first inverter 31a (the
input side of the second inverter 31b).
[0126] In the flip-flop circuit 30, for example, a state (1 state) in which a voltage P of the first terminal 32a is Vdd and
a voltage N of the second terminal 32b is 0 is held. Further, a state (0 state) in which the voltage P of the first terminal
32a is 0 and the voltage N of the second terminal 32b is Vdd is held. That is, (P, N)=(Vdd, 0) in the 1 state, and (P,
N)=(0, Vdd) in the 0 state.
[0127] As described above, the first terminal 32a and the second terminal 32b switch and output, on the basis of the
binary state held in the flip-flop circuit 30, the two types of voltages so that the voltages differ from each other. The
voltage of the first terminal 32a is applied to the input terminal 21a of the first MOS transistor 20a, and the voltage of
the second terminal 32b is applied to the input terminal 21b of the second MOS transistor 20b.
[0128] The synapse circuit 8 shown in Fig. 5 is configured by using six MOS transistors including a p-MOS and an n-
MOS. Further, five wires (the Axon line 6, the 6Dendrite lines 7a and 7b, and two power supply voltage lines) are
connected to the synapse circuit 8. With such a circuit configuration, it is possible to sufficiently reduce the parasitic
capacitance of the Axon line 6 and the 6Dendrite lines 7a and 7b, and the like. As a result, it is possible to suppress
the capacity to be charged and discharged in one operation, and significantly suppress the power consumption.
[0129] Note that in the circuit diagram shown in Fig. 5, for the Axon line 6 and the 6Dendrite lines 7a and 7b, an
example of the voltage applied at the weight setting for each line (referred to as Setting in the figure), and an example
of the voltage applied at the time of a multiply-accumulate operation (referred to as Operation in the figure) are shown.
The present technology is not limited thereto. The voltage applied to each line may be appropriately set depending on
the configuration of the circuit so that the weight setting and the multiply-accumulate operation can be appropriately
executed.
[0130] Fig. 6 is a timing chart showing an example of an operation of the synapse circuit 8. Part A of Fig. 6 is a timing
chart in the case where the positive weight value wi

+ is set. Part B of Fig. 6 is a timing chart in the case where the
negative weight value wi- is set. Part A of Fig. 6 and Part B of Fig. 6 schematically show waveforms of signals applied
to the Axon line 6, the +Dendrite line 7a, and the - Dendrite line 7b in order from the top.
[0131] In this embodiment, for one synapse circuit 8, either +α or -α is set as the weight value wi. Here, α is a positive
real number. Further, the weight value wi is set for another synapse circuit 8, similarly. That is, in the plurality of synapse
circuits 8, the weight value wi is set to either the first value (+α) and the second value (-α) having equal absolute values
and different signs.
[0132] Note that in the plurality of analog circuits 3 included in one layer, weight values 6α are set for each of the
synapse circuits 8. In this case, each of the analog circuits 3 is capable of outputting a signal (multiply-accumulate signal)
representing a multiply-accumulate result on a common scale. Here, the scale of the signal is, for example, a ratio of a
pulse width or the like when representing the signal value. As a result, it is possible to easily realize the transmission of
data (multiply-accumulate result) to the next layer or the like.
[0133] Thus, by binarizing the weight value wi to 6α and setting the binarized weight values 6α, a multiply-accumulate
operation of the binary connection method is realized. As a result, it is possible to simplify the circuit configuration and
the like, and easily integrate the arithmetic logic unit 100.
[0134] Further, in this embodiment, the flip-flop circuit 30 holds the binary state corresponding to the sign of the weight
value wi. That is, the binary state (the 1 state and the 0 state) of the flip-flop circuit 30 represents the positive and negative
of the weight value wi. In this embodiment, the 1 state (state in which P is Vdd) corresponds to the positive weight value
wi, and the 0 state (state in which P is Vdd) corresponds to the negative weight value wi.
[0135] Therefore, in the case where +α is set for one synapse circuit 8, the flip-flop circuit 30 is set to the 1 state.
Further, in the case where -α is set, the flip-flop circuit 30 is set to the 0 state. The weight values 6α are set in advance
for the analog circuit 3 (each of the synapse circuits 8) before a multiply-accumulate operation is performed, for example.
[0136] The weight value set for each of the synapse circuits 8 is calculated by simulating processing implemented in
the arithmetic logic unit 100, for example. For example, a neural network model of a binary connection method including
nodes (the analog circuits 3) and synapses (the synapse circuits 8) used in the arithmetic logic unit 100 is virtually
constructed. In accordance with this virtual model, the weight value set for each of the synapse circuits 8 is calculated.
In addition, the method of calculating the weight value is not limited.
[0137] In the case where the positive weight value wi

+ = +α is set as shown in Part A of Fig. 6, a signal (High signal
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15) having a voltage similar to the power supply voltage Vdd is applied to the +Dendrite line 7a. At this time, a signal
(Low signal 16) having a voltage of 0 is applied to the -Dendrite line 7b. The High signal 15 and the Low signal 16 are
each a control signal for controlling the binary state.
[0138] Further, an ON signal 17 is input to the Axon line 6. The ON signal 17 is a signal that generates a gate voltage
causing the first and second MOS transistors 20a and 20b to be in the ON state. In the ON state, the conductive state
is made between the input terminal and the output terminal, enabling a signal to flow between the terminals. Note that
since the first and second MOS transistors 20a and 20b are each a p-MOS transistor, they are turned ON in the case
where the gate voltage is 0, and turned OFF in the case where the gate voltage is a predetermined positive voltage (Vdd
in Part a of Fig. 6).
[0139] When the ON signal 17 is input, the +Dendrite line 7a and the first terminal 32a of the flip-flop circuit 30 are
conducted, the High signal 15 is applied to the first terminal 32a. Further, the - Dendrite line 7b and the second terminal
32b of the flip-flop circuit 30 are conducted, and the Low signal 16 is applied to the second terminal 32b.
[0140] As a result, while the ON signal 17 is input, the voltages of the first and second terminals 32a and 32b satisfy
the relationship of (P, N) = (Vdd, 0). When the inputting of the ON signal 17 is completed, the conduction between each
of Dendrite lines 7 and the flip-flop circuit 30 is cut off. In the flip-flop circuit 30, the state where (P, N)=(Vdd, 0), i.e., the
1 state, is held even after the cutting off. As a result, the positive weight value +α is set for the synapse circuit 8.
[0141] Further, in the case where the negative weight value wi

- = - α is set as shown in Part B of Fig. 6, the High signal
15 is added to the -Dendrite line 7b and the Low signal 16 is added to the +Dendrite line 7a. Further, the ON signal 17
is input to the Axon line 6. As a result, the voltages of the first and second terminals 32a and 32b satisfy the relationship
of (P, N)=(0, Vdd) while the ON signal 17 is input, and the flip-flop circuit 30 is in the 0 state. As a result, the negative
weight value -α is set for the synapse circuit 8.
[0142] As described above, the first and second MOS transistors 20a and 20b output control signals that control the
binary state of the flip-flop circuit 30 from the input terminals 21a and 21b. In another aspect, it can be said that the first
and second MOS transistors 20a and 20b function as a gate element that controls the application of a voltage for setting
the binary state.
[0143] When the weight value +α/-α is set, a multiply-accumulate operation is executed. Part A of Fig. 6 and Part B
of Fig. 6 show time charts in an input period T where an electrical signal 18 used for a multiply-accumulate operation is
input. An electrical signal is input to the Axon line 6 in the input period T. Further, the 6Dendrite lines 7a and 7b are
configured to have a voltage (e.g., 0.0 to 0.3 V) sufficiently lower than Vdd.
[0144] The electrical signal 18 is represented by, for example, the operation voltage Vw set so that the first and second
MOS transistors 20a and 20b operate in a subthreshold region. Note that in a p-MOS transistor, for example, a voltage
that is higher than the threshold voltage Vth (e.g., 0 V) and lower than the positive voltage (Vdd) where the transistor is
turned OFF is set as the operation voltage Vw. Therefore, in the example shown in Part A of Fig. 6 and Part B of Fig.
6, the range where the voltage is reduced to Vw lower than Vdd corresponds to the electrical signal 18 (pulse).
[0145] As shown in Fig. 5, the first and second MOS transistors 20a and 20b are connected to the same Axon line 6,
and the respective gate terminals 23a and 23b are controlled by the single electrical signal 18. For example, when the
electrical signal 18 is input, the conductive state is made between the input terminal 21a and the output terminal 22a of
the first MOS transistor 20a. Similarly, the conductive state is made between the input terminal 21b and the output
terminal 22b of the second MOS transistor 20b.
[0146] Note that the resistance R between the input terminal 21a and the output terminal 22a (the input terminal 21b
and the output terminal 22b), which has been in the conductive state, has a resistance value corresponding to the value
of the operation voltage Vw. Further, since the operation voltage Vw is a gate voltage set in the subthreshold region,
the resistance R has a high resistance, and the first and second MOS transistors 20a and 20b function as a high-
resistance element. Hereinafter, the resistance R will be referred to as the conduction resistance R.
[0147] The first and second MOS transistors 20a and 20b, which have been in the conductive state, make it possible
to flow a current. Part A of Fig. 6 and Part B of Fig. 6 show the states of the potentials of the 6Dendrite lines 7a and 7b
due to the current flowing through one synapse circuit 8.
[0148] For example, in the case where the positive weight value +α is set, the voltage of the input terminal 21a is
higher than the voltage of the output terminal 22a in the first MOS transistor 20a. As a result, a current (positive charges)
flows from the input terminal 21a (source) to the output terminal 22a (drain) and is output to the +Dendrite line 7a. At
this time, the current amount is proportional to, for example, the inverse of the conduction resistance R.
[0149] As shown in Part A of Fig. 6, in the synapse circuit 8 for which the positive weight value +α is set, charges
output to the +Dendrite line 7a are accumulated in the capacitor 13a of the accumulation unit 11, and the potential of
the +Dendrite line 7a increases. This increase in potential continues only while the operation voltage Vw (electrical
signal) is applied. That is, the capacitor 13a is charged for the period similar to the pulse width (signal value xi).
[0150] Further, in the case where the positive weight value +α is set, in the second MOS transistor 20b, the voltage
of the input terminal 21b is substantially the same as the voltage of the output terminal 22b, and the current hardly flows.
Therefore, as shown in Part A of Fig. 6, the potential of the -Dendrite line 7b hardly changes.
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[0151] Meanwhile, in the case where the negative weight value -α is set, in the second MOS transistor 20b, the voltage
of the input terminal 21b is higher than the voltage of the output terminal 22b. As a result, a current (positive charges)
flows from the input terminal 21b (source) to the output terminal 22b (drain) and is output to the - Dendrite line 7a. As a
result, as shown in Part B of Fig. 6, the potential of the -Dendrite line 7b increases for the period similar to the pulse
width in the synapse circuit 8 for which the negative weight value -α is set. In this case, the potential of the +Dendrite
line 7a hardly changes.
[0152] As described above, in the synapse circuit 8, charges are output at a fixed ratio through the conduction resistance
R of each of the MOS transistors 20a and 20b only during the period corresponding to the signal value xi. Here, the ratio
of outputting charges is a parameter representing, for example, the amount of current output from the output terminals
22a and 22b, the slope of the potential increase of the 6Dendrite lines 7a and 7b, or the like. The ratio of outputting
charges can be set by the conduction resistance R.
[0153] For example, when the ratio of outputting charges is the weight value wi, a multiplication value wi·xi of the signal
value xi and the weight value wi is represented by the total amount of charges output on the basis of the electrical signal.
Therefore, in the synapse circuit 8, the multiplication result of the weight value wi set by the conduction resistance R
and the signal value xi represented by the electrical signal 18 is output as charges.
[0154] As described above, in this embodiment, the first MOS transistor 20a and the second MOS transistor 20b
generate, on the basis of the electrical signal 18 input to the plurality of Axon lines 6 (the input signal lines 6), charges
corresponding to the multiplication value wi·xi obtained by multiplying the signal value xi represented by the electrical
signal 18 by the weight value wi.
[0155] As described above, each of the MOS transistors 20a and 20b generates charges of the same sign (positive
charges in the synapse circuit shown in Fig. 5) regardless of the sign of the weight value wi (6α). Therefore, it can be
said that each of the MOS transistors 20a and 20b generates charges corresponding to a multiplication value |wi|·xi
obtained by multiplying the signal value xi by the absolute value of the weight value wi. As a result, circuits for calculating
a positive multiply-accumulate result, a negative multiply-accumulate result, and the like, which are arranged in the
subsequent stages, for example, can have similar configurations, and it is possible to easily configure the analog circuit 3.
[0156] For example, in the case where the positive weight value +α is set, the first MOS transistor 20a outputs charges
to the +Dendrite line 7a. In the case where the negative weight value -α is set, the second MOS transistor 20b outputs
charges to the -Dendrite line 7b. That is, in the synapse circuit 8, calculating the multiplication value with the positive
weight value +α corresponds to outputting charges corresponding to the absolute value α of the weight value +α to the
+Dendrite line 7a. Further, calculating the multiplication value with the negative weight value -α corresponds to outputting
charges corresponding to the absolute value α of the weight value -α to the -Dendrite line 7b.
[0157] As described above, in this embodiment, the generated charges are output to either the +Dendrite line 7a or
the -Dendrite line 7b on the basis of the binary state held in the flip-flop circuit 30 by the first MOS transistor 20a and
the second MOS transistor 20b. That is, it can be said that each of the MOS transistors 20a and 20b realizes the
processing of switching the output according to the binary state. In this embodiment, the first MOS transistor 20a and
the second MOS transistor 20b constitute the switch unit.
[0158] Fig. 7 is a circuit diagram showing an example of the input circuit that inputs an electrical signal to the Axon
line 6. An input circuit 40 functions as a charging/discharging circuit for charging the Axon line 6 and appropriately
outputting an electrical signal. For example, as shown in Fig. 3, the input circuit 40 is provided between the lower layer
and the upper layer corresponding to each of the plurality of Axon lines 6 (the input signal lines 6).
[0159] The input circuit 40 includes a signal input terminal 41, a mode input terminal 42, first to sixth switches 43a to
43f, first and second inverters 44a and 44b, first and second p-MOSs 45a and 45b, and a buffer circuit 46. These elements
constitute an input signal circuit 47 and a weight setting circuit 48.
[0160] The p-MOSs 45 each include three terminals including a gate terminal. In the following, the other two terminals
different from the gate terminal of the p-MOS 45 will be referred to as one terminal and the other terminal in some cases.
Further, the switch 43 includes three terminals including a control terminal. In the following, the other two terminals
different from the control terminal of the switch 43 will be referred to simply as one side and the other side in some cases.
[0161] The signal input terminal 41 is connected to the gate terminal of the first p-MOS 45a via the first switch 43a,
and to the second inverter 44b connected to the gate terminal of the second p-MOS 45b. One side of the second switch
43b is connected to a GND, and the other side thereof is connected to the side of the first switch 43a opposite to the
signal input terminal 41.
[0162] One terminal of the first p-MOS 45a is connected to a power supply voltage line (Vdd), and the other terminal
thereof is connected to the third switch 43c. One terminal of the second p-MOS 45b is connected to an operating voltage
line (Vw), and the other terminal thereof is connected to the same side as the first p-MOS 45a of the third switch 43c.
The side of the third switch 43c opposite to the side to which the respective p-MOSs are connected is connected to the
Axon line 6. The circuit (the circuit on the upper side of Fig. 7) including the first and second p-MOSs 45a and 45b
functions as the input signal circuit 47.
[0163] Further, the signal input terminal 41 is connected to the input side of the buffer circuit 46 via the fourth switch
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43d and the second inverter 44. One side of the fifth switch 43e is connected to a GND, and the other side thereof is
connected between the fourth switch 43 and the second inverter 44. The output side of the buffer circuit 46 is connected
to the Axon line 6 via the sixth switch 43f. The circuit (the lower circuit of Fig. 7) including this buffer circuit 46 functions
as the weight setting circuit 48.
[0164] The mode input terminal 42 is connected to control terminals of the first to sixth switches 43a to 43f. Logical
signals corresponding to a multiply-accumulate operation mode and a weight setting mode are input to the mode input
terminal 42. As shown in Fig. 7, in the multiply-accumulate operation mode, the first switch 43a, the third switch 43c,
and the fifth switch 43e are in the ON state, and the second switch 43b, the fourth switch 43d, and the sixth switch 43f
are in the OFF state. In the case where the weight setting mode is selected, the ON state and the OFF state of these
switches are switched.
[0165] Fig. 8 is a timing chart showing an example of an operation of the input circuit 40. In the following, the voltages
(gate voltages) applied to the gate terminal of the first p-MOS 45a and the second p-MOS 45b will be respectively referred
to as Sa and Sw.
[0166] In the weight setting mode, for example, Vdd is output by the buffer circuit 46, and the voltage of the Axon line
6 is set to Vdd. At this time, a positive-voltage control pulse is input to the signal input terminal 41, and the inverting
output of the control pulse generated by the second inverter 44b is input to the buffer circuit 46. The ON signal 17 having
the pulse width similar to the control pulse is generated by the buffer circuit 46, and input to the Axon line 6.
[0167] As a result, for example, the first and second MOS transistors 20a and 20b shown in Fig. 5 can be made in the
ON state, i.e., the conductive state. Note that in the weight setting mode, the gate voltage Sa is low (0) and the first p-
MOS 45a is made in the ON state. The gate voltage Sw is High (e.g., Vdd), and the second p-MOS 45a is made in the
OFF state. As a result, Vdd is applied to the third switch 43. However, since the third switch 43c is in the OFF state, the
output (Vdd) of the input signal circuit 47 is not output to the Axon line 6.
[0168] In the multiply-accumulate operation mode, the first, third, and fifth switches 43a, 43c, and 43e are in the ON
state, and the voltage Vdd output by the first p-MOS 45a is applied to the Axon line 6. That is, the voltage level of the
Axon line 6 is High. In this case, the first and second MOS transistors 20a and 20b shown in Fig. 5 enter the OFF state.
[0169] In this state, a positive-voltage signal pulse (electrical signal representing the signal value xi generated by the
circuit in the preceding stage) is input to the signal input terminal 41. During the period in which the signal pulse is input,
the gate voltage Sa is High and the first p-MOS 45a is in the OFF state. Meanwhile, the gate voltage Sw is Low, and
the second p-MOS 45b is in the ON state. As a result, the voltage Vw output by the second p-MOS 45b is applied to the
Axon line 6.
[0170] The voltage Vw is the voltage that causes the first and second MOS transistors 20a and 20b to operate in the
threshold region. As a result, only during the period similar to the pulse width of the signal pulse, the first and second
MOS transistors 20a and 20b are in the ON state, and multiplication processing or the like described with reference to
Fig.6 is executed. As described above, by generating the electrical signal (signal pulse) output in the lower layer again,
it is possible to suppress the weight applied to the lower layer, and stably execute the multiply-accumulate operation
and weight setting.
[0171] Fig. 9 is a circuit diagram showing an example of the function circuit 5 that implements a ReLU function. Fig.
10 is a timing chart showing an example of an operation of the function circuit 5. In each of Part A of Fig. 9 and Part B
of Fig. 9, a circuit diagram of the function circuits 5a and 5b for realizing a ReLu function corresponding to the electrical
signal of the PWM system is shown. Each of the function circuits 5a and 5b operates in accordance with the timing chart
shown in Fig. 10.
[0172] As shown in Part A of Fig. 9 and Part B of Fig. 9, the function circuits 5a and 5b are each a two-input one-
output circuit. As the two inputs, a multiply-accumulate signal Sn

+(t) representing a positive multiply-accumulate result,
and a multiply-accumulate signal Sn

-(t) representing a negative multiply-accumulate result are used. Note that each of
the multiply-accumulate signals is a signal representing a signal value (each multiply-accumulate result) by the rising
timing of the pulse in a predetermined output period T.
[0173] For example, as described with reference to Fig. 4, the positive and negative multiply-accumulate results are
calculated by charging the capacitors 13a and 13b and detecting the timing when the voltages of the capacitors 13a
and 13b exceed a predetermined threshold value. For example, by outputting a High voltage until the output period T
is completed after the timing exceeding the threshold value, a multiply-accumulate signal representing the signal value
by the rising timing can be generated. For example, in Fig. 10, the pulse of Sn

+(t) rises faster as compared with that of
Sn

-(t). In this case, the positive multiply-accumulate result has a value greater than that of the negative multiply-accumulate
result.
[0174] As shown in Part A of Fig. 9, the function circuit 5a includes an inverter 51 and a NOR circuit 52. The NOR
circuit 52 is a logical gate of NOR, and includes input terminals 53a and 53b and an output terminal 54. The NOR circuit
outputs the negation of OR to the output terminal 54 for logical values A and B input to the input terminals 53a and 53b.
Therefore, for example, 1 is output in the case where (A, B)=(0, 0), and otherwise, 0 is output.
[0175] In the function circuit 5a, the positive multiply-accumulate signal Sn

+(t) is input to the input terminal 53a of the
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NOR circuit 52 via the inverter 51. Further, the negative multiply-accumulate signal Sn
-(t) is input to the input terminal

53b of the NOR circuit 52 as it is. In the following, the output of the function circuit 5a (ReLU function) will be referred
to as Sn(t).
[0176] As shown in Part B of Fig. 9, the function circuit 5b includes three inverters 51 and the NOR circuit 52. In the
function circuit 5b, the positive multiply-accumulate signal Sn

+(t) is input to the input terminal 53a of the NOR circuit 52
via one inverter 51. Further, the negative multiply-accumulate signal Sn

-(t) is input to the input terminal 53b of the NOR
circuit 52 via two inverters 51. The function circuit 5b is a circuit that performs substantially the same operation as that
of the function circuit 5a.
[0177] For example, as in the function circuit 5b, by inputting the negative multiply-accumulate signal Sn

-(t) via two
inverters 51 (additional inverters), it is possible to adjust the delay time of the input timing of Sn

-(t). As a result, when
resetting the circuit (e.g., the timing of t=tn+1 in Fig. 10), it is possible to avoid generation of glitch noise or the like. In
the following, the function circuits 5a and 5b will be referred to simply as the function circuit 5.
[0178] For example, as shown in Fig. 10, at a time ta in the input period T, (Sn

+(ta), Sn
-( ta)) = (0, 0), and the inputs of

the NOR circuit satisfy the relationship of (A, B) = (1, 0). As a result, the output Sn(ta) of the NOR circuit is 0.
[0179] Further, for example, at a time tb where the positive multiply-accumulate signal is 1 and the negative multiply-
accumulate signal is 0, (Sn

+(tb), Sn
-(tb)) = (1, 0), and the inputs of the NOR circuit satisfy the relationship of (A, B) = (0,

0). As a result, Sn(tb) is 1. Further, at a time tc where both positive and negative multiply-accumulate signals are 1,
(Sn+(tc), Sn-(tc)) = (1, 1), and the inputs of the NOR circuit satisfy the relationship of (A, B) = (0, 1). As a result, Sn(tc) is 0.
[0180] Thus, a signal having a pulse width τn obtained by subtracting a pulse width τn

- of the negative multiply-
accumulate signal Sn

-(t) from a pulse width τn
+ of the positive multiply-accumulate signal Sn

+(t) is output from the function
circuit 5. This pulse width τn is a difference between the positive and negative multiply-accumulate results shown in
(Math. 2), and represents the entire multiply-accumulate result. That is, Sn(t) is a PWM electrical signal using the entire
multiply-accumulate result as a signal value. Thus, the function circuit 5 is a circuit that calculates the entire multiply-
accumulate result in the case where the positive multiply-accumulate result is greater than the negative multiply-accu-
mulate result.
[0181] Further, in the case where the positive multiply-accumulate result is less than the negative multiply-accumulate
result, the pulse of Sn

+(t) rises after Sn
-(t). In this case, there is no situation where Sn

+(t)=1 and Sn
-(t)=0 in the output

period T. Therefore, in the case where a positive multiply-accumulate result is less than a negative multiply-accumulate
result, then Sn(t) is 0. This corresponds to the case where the difference between the positive and negative multiply-
accumulate results shown in (Math. 2) is negative, i.e., the case where the entire multiply-accumulate result is negative.
Thus, in the function circuit 5a that implements a ReLU function, 0 is output in the case where the entire multiply-
accumulate result is negative.
[0182] The function circuit 5 may be configured as , for example, the output unit 12 shown in Fig. 4. Alternatively, the
output unit 12 that outputs positive and negative multiply-accumulate signals Sn

+(t) and Sn
-(t) may be configured, and

the function circuit 5 may be provided in the subsequent stage thereof. Further, the function circuit 5 may be provided
for all the analog circuits 3 or may be provided for only a part of the analog circuits 3.
[0183] Fig. 11 is a circuit diagram showing another configuration example of the synapse circuit. A synapse circuit
108 includes a MOS transistor 120, a first gate 140a, a second gate 140b, and a flip-flop circuit 130. Further, the Axon
line 6, the +Dendrite line 7a, the - Dendrite line 7b, an operating voltage line 60 (referred to as VW in the figure), and a
control line 61 (referred to as FF in the figure) are connected to the synapse circuit 108.
[0184] The MOS transistor 120 is a P-type MOS transistor that operates in a subthreshold region, and includes an
input terminal 121, an output terminal 122, and a gate terminal 123. The input terminal 121 is connected to the Axon
line 6. The output terminal 122 is connected to a connection point 141 between a first gate 140a and a second gate
140b described below. The gate terminal 123 is connected to the operating voltage line 60. In this embodiment, the
operating voltage line 60 corresponds to the predetermined gate voltage source.
[0185] The first gate 140a and the second gate 140b are each an n-type MOS transistor (n-MOS), and include an
input terminal, an output terminal, and a gate terminal. The input terminals of the gates 140a and 140b are connected
to each other via the connection point 141. The output terminal 122 of the MOS transistor 120 is connected to this
connection point.
[0186] The output terminal and the gate terminal of the first gate 140a are respectively connected to the +Dendrite
line 7a and a first terminal 132a of the flip-flop circuit 130. The output terminal and the gate terminal of the second gate
140b are respectively connected to the -Dendrite line 7b and a second terminal 132b of the flip-flop circuit 130.
[0187] In the synapse circuit 108, the output terminal 122 of the MOS transistor 120 and the +Dendrite line 7a are
connected to each other by the first gate 140a. Further, the output terminal 122 of the MOS transistor 120 and the
-Dendrite line 7b are connected to each other by the second gate 140b. In the synapse circuit 108, the first gate 140a
corresponds to the first switch element, and the second gate 140b corresponds to the second switch element.
[0188] The flip-flop circuit 130 includes a first inverter 131a, a second inverter 132b, the first terminal 132a, and the
second terminal 132b. Further, the flip-flop circuit 130 includes a setting gate 133, a setting inverter 134, and an inputting
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gate 135.
[0189] The output of the first inverter 131a is input to the second inverter 131b. Further, the output of the second
inverter 131b is input to the first inverter 131a via the signal line of the setting gate 133. The first terminal 132a is a
terminal connected to the input side of the first inverter 131a. The second terminal 132b is a terminal connected to the
output side of the first inverter 131a.
[0190] The setting gate 133 is a transmission gate (bi-directional switch) configured by using an n-MOS and a p-MOS.
In the setting gate 133, the MOSs are connected in parallel so that the input terminal and the output terminal are shared.
Hereinafter, a line from the input terminal to the output terminal will be referred to as the signal line. Note that in the
signal line, the terminal connected to the output side of the second inverter 131 is an input terminal.
[0191] The input side of the setting inverter 134 is connected to the control line 61, and the output side thereof is
connected to the gate terminal of the p-MOS of the setting gate 133. Further, the gate terminal of the n-MOS of the
setting inverter 134 is connected to the control line.
[0192] The inputting gate 135 is a p-MOS, and includes an input terminal, an output terminal, and a gate terminal. In
the inputting gate 135, the input terminal is connected to the operating voltage line 60, and the output terminal is connected
to the first terminal (the input side of the first inverter 131a). Further, the gate terminal is connected to the control line
61. The setting gate 133, the setting inverter 134, and the inputting gate 135 are the circuit for setting the binary state
held by the first inverter 131a and the second inverter 131b.
[0193] In the multiply-accumulate operation mode, the operation voltage Vw is applied to the operating voltage line
60, and the MOS transistor 120 enters the ON state and operates in the subthreshold region. The electrical signal input
to the Axon line 6 is input to the input terminal 121 of the MOS transistor 120. The MOS transistor 120 generates charges
corresponding to the multiplication value obtained by multiplying the signal value xi represented by the electrical signal
by the weight value wi, and the generated charges are output from the output terminal 122.
[0194] Further, the positive and negative weight values 6α are set for the synapse circuit 108, and the flip-flop circuit
130 holds a state corresponding to the positive weight value +α and a state corresponding to the negative weight value
-α. In the case where the positive weight value +α is set, the voltages P and N of the first and second terminals 132a
and 132b satisfy the relationship of (P, N)=(Vdd, 0). Further, in the case where the negative weight value +α is set, (P,
N) = (0, Vdd).
[0195] For example, in the case where the positive weight value +α is set, P=Vdd is applied as the gate voltage to the
first gate 140a that is an n-MOS, and the first gate 140a enters the ON state. Further, 0 is applied to the second gate
140b that is an n-MOS as a gatevoltage, and the second gate 140b enters the OFF state. In this case, the charges
generated by the MOS transistor 120 are output to the +Dendrite line 7a via the first gate 140a. Similarly, in the case
where the negative weight value -α is set, the second gate 140b enters the ON state and the first gate 140a enters the
OFF state. In this case, charges generated by the MOS transistor 120 are output to the - Dendrite line 7b via the second
gate 140b.
[0196] As described above, in the synapse circuit 108, charges generated by the MOS transistor 120 are output to
either the +Dendrite line 7a or the -Dendrite line 7b on the basis of the binary state held in the flip-flop circuit 130 by the
first and second gates 140a and 140b. In the synapse circuit 108, the MOS transistor 120 functions as the weight unit,
and the first and second gates 140a and 140b function as the switch unit.
[0197] In the weight setting mode, a voltage similar to the power supply voltage Vdd (e.g., 1.0 V) is applied to the
control line 61. As a result, the setting gate 133 and the inputting gate 135 connected to the control line 61 enter the ON
state. In this state, a control signal (ON signal and OFF signal) for setting the binary state is input to the operating voltage
line 60.
[0198] For example, in the case where the positive weight value +α is set, a voltage similar to the power supply voltage
Vdd is applied to the operating voltage line 60. As a result, (P, N) = (Vdd, 0), and a state corresponding to the positive
weight value +α is realized. Further, in the case where the negative weight value -α is set, a voltage of 0 is applied to
the operating voltage line 60. As a result, (P, N) = (0, Vdd), and a state corresponding to the negative weight value -α
is realized.
[0199] When the weight values 6α are set, the voltage of the control line 61 is set to 0. As a result, the setting gate
133 and the inputting gate 135 enter the OFF state. Note that the first and second inverters 131a and 131b hold the
states corresponding to the weight values 6α.
[0200] The synapse circuit 108 shown in Fig. 11 is configured by using 12 MOS transistors. Further, seven wires (the
Axon line 6, the 6Dendrite lines 7a and 7b, the two power supply voltage lines, the control line 61, and the operating
voltage line 60) are connected to the synapse circuit 108. In this configuration, the binary state held in the flip-flop circuit
130 is set by using the operating voltage line 60, for example. As a result, it is possible to reduce the number of wires,
and improve the integration rate of the circuit, and the like. For example, such a configuration may be adopted.
[0201] As described above, in the arithmetic logic unit 100 according to this embodiment, electrical signals are input
to the plurality of input signal lines 6 (the Axon lines 6). The plurality of synapse circuits in the analog circuits 3 generate
charges corresponding to the multiplication value wi·xi of the signal value xi of the electrical signal and the weight value
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wi. The generated charges are output to one the pair of output lines 7a and 7b (the 6Dendrite lines 7a and 7b) on the
basis of the state of the flip-flop circuit holding the binary state. The charges output from the respective synapse circuits
are accumulated, and a multiply-accumulate signal is output on the basis of the accumulated charges. Such a configu-
ration of the synapse circuit can be integrated using a technology for producing integrated circuits and the like, and it is
possible to easily integrate the circuit of the analog system performing a multiply-accumulate operation.
[0202] In the case where a neural network or the like is formed using an analog circuit, for example, a large number
of circuits that perform processing of multiplying a weight value by a signal value, i.e., processing corresponding to the
synaptic connection, are necessary. In the analog circuit, such circuits need to be appropriately connected and integrated
with high integration efficiency.
[0203] In this embodiment, the respective units (the synapse circuits 8 and 108, the neuron circuit 9, the input circuit
40, the function circuit 5, and the like) constituting the analog circuit 3 can be configured by using a p-MOS transistor
and a n-MOS transistor. That is, the analog circuit 3 can be easily integrated by using a technology for producing CMOS
(Complementary Metal Oxide Semiconductor) integrated circuits, for example. This makes it possible to integrate, for
example, a highly-reliable analog circuit on a large scale.
[0204] As described with reference to Fig. 3 or the like, in this embodiment, the analog circuits 3 included in the
respective layers can be realized by using the crossbar configuration. This makes it possible to easily implement, for
example, a deep neural network with a large number of layers.
[0205] As described with reference to Fig. 5 and Fig. 11, in the synapse circuits 8 and 108, respectively, the states
stored in the flip-flop circuits 30 and 130 are used to execute processing of multiplying with the positive and negative
weight values 6α. Such a configuration can be easily realized by using a technology for producing a SRAM (Static
Random Access Memory), for example. This makes it possible to integrate a large number of the synapse circuits 8 and
108 at high density, and provide, for example, small integrated circuits specialized for image recognition, speech rec-
ognition, and the like.
[0206] For example, in order to achieve an operation with low-energy-consumption, it is desirable that the capacitance
of the 6Dendrite lines 7a and 7b, including the input capacitance of the circuits in the subsequent stage, is low. That is,
the power consumption can be suppressed by reducing charges input to the respective Dendrite lines 7.
[0207] As described above, in the synapse circuits 8 and 108, the MOS transistor that operates in the subthreshold
region is connected to the 6Dendrite lines 7a and 7b. Thus, the high conduction resistance R is disposed between the
6Dendrite lines 7a and 7b and the circuits in the subsequent stage, and charges flowing into the 6Dendrite lines 7a
and 7b can be reduced. As a result, it is possible to obtain a sufficient processing time and improve the operation accuracy.
[0208] Further, by reducing charges, it is possible to reduce the capacitance of the capacitor 13 necessary for accu-
mulating charges, and use the capacitor 13 or the like having a size suitable for integration. Alternatively, it is possible
to reduce charges in accordance with the capacitance of the capacitor 13, or the like. This makes it possible to ensure
enough time to charge charges, or the like, and detect a multiply-accumulate result with high resolution. In this way, by
using a MOS transistor that operates in the subthreshold region, for example, it is possible to realize the arithmetic logic
unit 100 or the like that is capable of performing a high-precision arithmetic operation while consuming low power and
being small in size.

<Second embodiment>

[0209] An arithmetic logic unit according to a second embodiment of the present technology will be described. In the
following description, description of the configurations and effects similar to those in the arithmetic logic unit 100 described
in the above-mentioned embodiment will be omitted or simplified.
[0210] Fig. 12 is a schematic diagram showing a configuration example of the arithmetic logic unit according to the
second embodiment. In an arithmetic logic unit 200 shown in Fig. 12, a pair of electrical signals are output from one
analog circuit 203 (signal source). Therefore, for example, 23M input signal lines 6 (the signal lines 1) are connected
to the analog circuits 203 in the upper layer connected to M analog circuits 203. In this case, the total number N of
electrical signals input to the analog circuits 203 in the upper layer satisfies the relationship of N=23M.
[0211] A pair of electrical signals include, for example, a positive electrical signal representing the positive signal value
xi+ and a negative electrical signal representing the negative signal value xi

-. For example, the positive signal value
xi

+and the negative signal value xi
+are each a real number of 0 or more, and a difference value (xi

+·xi
-) obtained by

subtracting the negative signal value xi
- from the positive signal value xi

+ is the signal value xi.
[0212] For example, a plurality of positive signal lines 1a that transmits a positive electrical signal and a plurality of
negative signal lines 1b that transmits a negative electrical signal are connected to the output side of one signal source.
The same positive electrical signal is input to the plurality of positive signal lines 1a. Further, the same negative electrical
signal is input to the plurality of negative signal lines 1b. In Fig. 12, the positive signal line 1a (the positive input signal
line 6a) is connected to the connection point of the analog circuit 203, which is indicated by a white circle. Further, the
negative signal line 1b (the positive input signal line 6b) is connected to the connection point of the analog circuit 203,
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which is indicated by a black circle.
[0213] As described above, in this embodiment, the plurality of input signal lines 6 is configured as a plurality of pairs
of the input signal lines 6, each of the pairs including the positive input signal line 6a and the negative input signal line
6b. In this embodiment, the positive input signal line 6a corresponds to the first input line, and the negative input signal
line 6b corresponds to the second input line.
[0214] For example, the analog circuit 203 outputs, as a positive electrical signal, an electrical signal (positive multiply-
accumulate signal Sn

+(t)) representing a positive multiply-accumulate result that is the total sum of positive multiplication
values, and outputs, as a negative electrical signal, an electrical signal (negative multiply-accumulate signal Sn

-(t))
representing a negative multiply-accumulate result that is the total sum of negative multiplication values.
[0215] Note that a configuration in which a pair of electrical signals are output from the respective input units 2 (signal
source) may be used. For example, the input unit 2 outputs, as a positive electrical signal, an electrical signal representing
a signal value corresponding to the input data 4, and outputs, as a negative electrical signal, an electrical signal having
a signal value of zero. For example, the input unit 2 can be configured in this manner.
[0216] As shown in Fig. 12, the arithmetic logic unit 200 has a hierarchical structure in which a plurality of the analog
circuits 203 is provided in each of a plurality of layers. For example, N pairs of electrical signals generated by N input
units 2 are input to each of the analog circuits 203 provided in the layer of the first layer. Further, N1 pairs of electrical
signals calculated in the first stage are input to each of the analog circuits 203 provided in the layer of the second stage.
[0217] As described above, in the arithmetic logic unit 200, a pair of electrical signals (positive and negative multiply-
accumulate results) are generated on the basis of the pairs of the plurality of electrical signals by each of the analog
circuits 203, and output to the analog circuit 203 in the upper layer. Such processing is executed a plurality of times,
and the processing result is output from the analog circuit 203 included in the uppermost layer (the layer of the third
stage in Fig. 12).
[0218] Further, an activation function can be applied to the pair of electrical signals. In the example shown in Fig. 12,
for example, a two-input two-output function circuit 205 is appropriately disposed between the lower layer and the upper
layer. For example, in the function circuit 205 that implements a ReLU function, whether the signal value xi = (xi

+-xi
-) ,

which is the entire multiply-accumulate result, is positive or negative is determined from the input pair of electrical signals
(positive and negative multiply-accumulate results).
[0219] For example, the pair of electrical signals input from the two outputs are output as they are in the case where
the signal value xi is 0 or more, and otherwise, electrical signals representing 0 are output from the two outputs. Thus,
even in the case where a pair of electrical signals are used, it is possible to realize the arithmetic logic unit 200 in which
an activation function such as a ReLU function has been introduced.
[0220] Fig. 13 is a schematic diagram showing an example of an electrical signal input to the analog circuit 203. In
Part A of Fig. 13 and Part B of Fig. 13, graphs representing waveforms of a pair of electrical signals are schematically
illustrated. The horizontal axis of the graph represents the time axis, and the vertical axis represents the voltage of the
electrical signal. Note that the time axis of each graph is common. Note that the system of the electrical signal differs
between Part A of Fig. 13 and Part B of Fig. 13.
[0221] Part A of Fig. 13 is a graph representing an example of waveforms of a PWM electrical signal. In the PWM
system, the signal value xi is represented by the pulse width, as described with reference to Fig. 2. Signals of such pulse
waveforms are input to the positive and negative input signal lines 6a and 6b.
[0222] Part B of Fig. 13 is a graph representing an example of waveforms of an electrical signal of the spike timing
system (hereinafter, referred to as the TACT system). The TACT system is a system using the timing when the pulse
has been input to represent the signal value xi. For example, with reference to predetermined timing, the earlier the
timing when the pulse is input, the larger the signal value xi represented by the pulse.
[0223] This pulse is input, for example, during the predetermined input period T. The signal value xi is represented by
the input timing of the pulse in this input period T. Therefore, for example, the pulse input at the same time as the
beginning of the input period T represents the largest signal value xi.
[0224] Note that Part B of Fig. 13 illustrates rectangular pulses having a predetermined pulse width as electrical signals.
The present technology is not limited thereto, and, for example, a continuous pulse that rises at certain timing and
maintains the ON-level until a multiply-accumulate result is obtained may be used as an electrical signal. This can be
said to be the same pulse as the positive and negative multiply-accumulate signals Sn

+(t) and Sn
-(t) described with

reference to Fig. 10, for example.
[0225] Fig. 14 is a schematic diagram showing a specific configuration example of the arithmetic logic unit 200. Fig.
14 shows an arrangement example of circuits for realizing the arithmetic logic unit 200 shown in Fig. 12, for example,
and a plurality of analog circuits 203 provided in one layer of the arithmetic logic unit 200 is schematically illustrated.
[0226] The analog circuits 203 each include the pair of output lines 7, a plurality of synapse circuits 208, and a neuron
circuit 209. As shown in Fig. 14, the arithmetic logic unit 200 is a circuit having a crossbar configuration (see Fig. 3) in
which the input signal lines 6 and the respective output lines 7 are arranged perpendicular to each other. Further, in the
arithmetic logic unit 200, the positive input signal line 6a and the negative input signal line 6b are connected to each of
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the synapse circuits 208.
[0227] The synapse circuit 208 calculates the multiplication value (wi·xi) of the signal value xirepresented by the
electrical signal and the weight value wi. Specifically, charges corresponding to the multiplication value of the signal
value xi

+ and the weight value wi input from the positive input signal line 6a are output to either the positive output line
7a or the negative output line 7b on the basis of the sign of the weight value wi. Further, charges corresponding to the
multiplication value of the signal value xi

- and the weight value wi input from the negative input signal line 6b are output
to the output line 7, of the output lines 7a and 7b, which differs from the output line 7 to which charges corresponding
to the multiplication value with the signal value xi

+ are output.
[0228] Therefore, it can be said that the synapse circuit 208 functions as a circuit that switches the connection between
the pair of input signal lines 6a and 6b and the pair of output lines 7a and 7b. Further, the signal value xi

+ and the signal
value xi

- input from the pair of input signal lines 6a and 6b are multiplied by the same signal value wi. Thus, the synapse
circuit 208 is a two-input two-output circuit connected to the pair of input signal lines 6a and 6b and the pair of output
lines 7a and 7b. The specific configuration of the synapse circuit 208 will be described below in detail. In this embodiment,
the synapse circuit 208 corresponds to the multiplication unit.
[0229] Fig. 15 is a schematic diagram showing a configuration example of the neuron circuit 209. The neuron circuit
209 includes an accumulation unit 211 and an output unit 212. Fig. 15 shows the two-input two-output neuron circuit
209 connected to the pair of output lines 7 and a pair of output signal lines 10.
[0230] The accumulation unit 211 is configured, for example, in the same manner as the accumulation unit 11 described
with reference to Fig. 4. The accumulation unit 211 is provided with capacitors 213a and 213b input from the positive
and negative output lines 7a and 7b. A switch for discharging the accumulated charges, a charging circuit for performing
additional charging, and the like are appropriately connected to the capacitors 213a and 213b.
[0231] The output unit 212 outputs a multiply-accumulate signal representing the sum of multiplication values (wi·xi)
on the basis of the charges accumulated in the accumulation unit 211. Specifically, the charges accumulated in the
respective capacitors 213a and 213b are referred to as appropriate, and the positive and negative multiply-accumulate
signals Sn

+(t) and Sn
-(t) are output, respectively.

[0232] For example, in the case where a PWM electrical signal is used, charges corresponding to the multiplication
value are accumulated in the capacitor 213 during the input period T, as described with reference to Fig. 4. In this case,
the capacitor 213 is charged after the input period T, and the potential thereof is detected using a threshold value, thereby
detecting the timing representing the multiply-accumulate result. Using this timing, for example, the positive and negative
multiply-accumulate signals Sn

+(t) and Sn
-(t) as shown in Fig. 10 are generated.

[0233] Further, for example, in the case where a TACT electrical signal is used, charges are continuously accumulated
at a constant rate from the input timing of the pulse. In a TACT system, the signal value xi is determined by the input
timing, so that there is no need to detect the pulse width or the timing when the pulse falls. Therefore, the timing for
finishing the accumulation of charges can be arbitrarily set. Therefore, even if charges are continuously accumulated
even after the input period T, for example, the final multiply-accumulate result can be appropriately calculated.
[0234] For example, a configuration in which charges are continuously accumulated until the potential of the capacitor
where charges are accumulated exceeds a predetermined threshold value can be used. In this case, the positive and
negative multiply-accumulate signals Sn

+(t) and Sn
-(t) are generated by detecting the timing when the accumulated chars

exceed the predetermined threshold value. Thus, for example, a circuit or the like for recharging the capacitor as used
in the PWM system is unnecessary, thereby simplifying the device configuration.
[0235] Thus, in the TACT system, charges are output at a rate (slope) corresponding to the respective weight values
wi, and the capacitor is charged until the charges exceed the threshold value. In this case, the entire multiply-accumulate
result can be calculated using the following formula, for example, as shown in Patent Literature 1.

[0236] Here, θ+ and θ- respectively represent threshold values for detecting the potentials of the capacitors 213a and
213b. Further, β is the total sum of the weight value wi set for the respective synapse circuits 208. β+ and β- respectively
represent the total sum of the positive weight values wi

+ and the total sum of the negative weight values lwi
-|, and β=β+-

β-. Further, Tin represents the input period T, and tv+ and tv- respectively represent the timing when the potentials of the
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capacitors 213a and 213b exceed the respective threshold values.
[0237] In general, β+, which is the total sum of the positive weight values wi

+, and β-, which is the total sum of the
negative weight values |wi

-| have different values. However, as shown in Fig. 12 and Fig. 14, the relationship of β+=β-

=β0 can be satisfied by providing the pair of positive and negative input signal lines 6a and 6b and multiplying the signal
value xi

+ and the signal value xi
- by a common weight value wi. In this case, the total sum β of the entire weight value

wi satisfies the relationship of β=β+-β-=0.
[0238] For example, the threshold values θ+ and θ- for the respective capacitors 213a and 213b are set to the same
value in order to make the scale of the multiply-accumulate result to be output equal to each other. As a result, (Math.
3), which is the multiply-accumulate result calculated by the analog circuit 203, is modified as follows.

[0239] As shown in (Math. 4), the entire multiply-accumulate result can be calculated as the difference obtained by
subtracting the timing tv+ when the potential of the capacitor 213b exceeds the threshold value from the timing tv- when
the potential of the capacitor 213b exceeds the threshold value. Such an operation can be easily executed using a logical
circuit or the like on the basis of the positive multiply-accumulate signal Sn

+(t) representing the timing tv+ and the positive
multiply-accumulate signal Sn

-(t) representing the timing tv-.
[0240] As described above, in the case where a TACT electrical signal is used, it is possible to easily execute calculation
of the multiply-accumulate result by providing the positive and negative input signal lines 6a and 6b to configure a two-
input two-output synapse circuit 208. As a result, for example, it is possible to simplify the configuration of the output
unit 212, and reduce the element size, for example. Further, for example, even in the case where the weight value wi is
changed, it is possible to execute appropriate multiply-accumulate operation processing without changing the configu-
ration of the output unit 212, or the like. As a result, it is possible to realize a highly versatile arithmetic logic unit 200.
[0241] Note that in the PWM system, as described above, the capacitors 213a and 213b are appropriately charged
after the input period T. This additional charging serves to, for example, compensate for the difference between β+ and
β- in (Math. 3). Therefore, the PWM electrical signal can be easily applied to both the case of using a one-input two-
output synapse circuit (see Fig. 1 and Fig. 3, etc.) and the case of using a two-input two-output synapse circuit.
[0242] Fig. 16 is a circuit diagram showing a configuration example of the synapse circuit 208. In the following, the
positive input signal line 6a will be referred to as the +Axon line 6a, and the negative input signal line 6b will be referred
to as the -Axon line 6b. Further, the positive output line 7a will be referred to as the +Dendrite line 7a, and the negative
output line 7b will be referred to as the -Dendrite line 7b.
[0243] The synapse circuits 208 each include a first MOS transistor 220a, a second MOS transistor 220b, first to fourth
gates 240a to 240d, and a flip-flop circuit 230. Further, the 6Axon lines 6a and 6b, the 6Dendrite lines 7a and 7b, the
operating voltage line 60, and the control line 61 are connected to the synapse circuit 208.
[0244] The first MOS transistor 220a and the second MOS transistor 220b are each a p-MOS that operates in the
subthreshold region. As the MOS transistors 220a and 220b, for example, similar p-MOS transistors prepared on the
basis of the same design parameters (gate width, gate length, etc.) are used.
[0245] The first MOS transistor 220a includes an input terminal 221a, an output terminal 222a, and a gate terminal
223a. The input terminal 221a is connected to the +Axon line 6a. The output terminal 222a is connected to a connection
point 241a between a first gate 240a and a second gate 240b described below. The gate terminal 223b is connected to
the operating voltage line 60. In this embodiment, the first MOS transistor 220a corresponds to the first weight unit
connected to the first input line of the pair of input lines.
[0246] The second MOS transistor 220b includes an input terminal 221b, an output terminal 222b, and a gate terminal
223b. The input terminal 221b is connected to the Axon line 6. The output terminal 222b is connected to a connection
point 241b between a third gate 240c and a fourth gate 240d described below. The gate terminal 223b is connected to
the operating voltage line 60. In this embodiment, the second MOS transistor 220b corresponds to the second weight
unit connected to the second input line of the pair of input lines.
[0247] The first to fourth gates 240a to 240d are each an n-MOS, and include an input terminal, an output terminal,
and a gate terminal. For example, the gates 240a to 240d, which are n-MOSs, enter the ON state when a positive gate
voltage is applied, and enter the OFF state in the case where the gate voltage is 0.
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[0248] The input terminals of the first and second gates 240a and 240b are connected to each other via the connection
point 241a. The output terminal 222a of the first MOS transistor 220a is connected to this connection point 241a. The
output terminal and the gate terminal of the first gate 240a are respectively connected to the +Dendrite line 7a and a
second terminal 232b of the flip-flop circuit 230. The output terminal and the gate terminal of the second gate 240b are
respectively connected to the -Dendrite line 7b and a first terminal 232a of the flip-flop circuit 230.
[0249] The input terminals of the third and fourth gates 240c and 240d are connected to each other via the connection
point 241b. The output terminal 222b of the second MOS transistor 220b is connected to this connection point 241b.
The output terminal and the gate terminal of the third gate 240c are respectively connected to the +Dendrite line 7a and
the first terminal 232a of the flip-flop circuit 230. The output terminal and the gate terminal of the fourth gate 240d are
respectively connected to the -Dendrite line 7b and the second terminal 232b of the flip-flop circuit 230.
[0250] The flip-flop circuit 230 includes a first inverter 231a, a second inverter 231b, the first terminal 232a, and the
second terminal 232b. Further, the flip-flop circuit 230 includes a setting gate 233, a setting inverter 234, and an inputting
gate 235. The flip-flop circuit 230 is configured substantially similarly to the flip-flop circuit 230 described with reference
to Fig. 11, for example.
[0251] Note that in the example shown in Fig. 16, a transmission gate configured using an n-MOS and a p-MOS is
used as the inputting gate 235 instead of a p-MOS. The output of the setting inverter 234 is connected to the gate terminal
of the p-MOS constituting the inputting gate 235, and the control line 61 is connected to the gate terminal of the n-MOS.
Further, the first terminal 232a (the input side of the first inverter 231a) and the operating voltage line 60 are connected
to each other via the signal line of the inputting gate 235.
[0252] The synapse circuit 208 shown in Fig. 16 is configured by using 16 MOS transistors. Further, eight wires (the
6Axon lines 6a and 6b, the 6Dendrite lines 7a and 7b, two power supply voltage lines, the operating voltage line 60,
and the control line 61) are connected to the synapse circuit 208. In this configuration, the independent operating voltage
line 60 and the independent control line 61 are used. This makes it possible to stably realize weight setting, a multiply-
accumulate operation, and other processing, and realize a highly reliable arithmetic logic unit 200.
[0253] Fig. 17 is a timing chart showing an example of an operation of the synapse circuits 208. Part A of Fig. 17 is a
timing chart in the case where the positive weight value wi

+ is set. Part B of Fig. 17 is a timing chart in the case where
the negative weight value wi

- is set. In Part A of Fig. 17 and Part B of Fig. 17, waveforms of signals appearing in the
+Axon line 6a, the -Axon line 6b, the +Dendrite line 7a, and the -Dendrite line 7b are schematically illustrated in order
from the top.
[0254] In Fig. 17, the timing chart in the case where the PWM electrical signal is used is schematically shown. For
example, the content described below can be applied to the case where a TACT electrical signal is used.
[0255] In this embodiment, either +α or -α is set as the weight value wi for one synapse circuit 208. That is, the state
corresponding to 6α is set for the flip-flop circuit 230, and the state is held. The method of setting the state corresponding
to 6α for the flip-flop circuit 230 is similar to the method described with reference to Fig. 11, for example. That is, a state
(0/Vdd) set as the voltage P of the first terminal 232a is applied to the operating voltage line 60 in a state where a voltage
of the same level as the power supply voltage Vdd is applied to the control line 61.
[0256] In the synapse circuit 208 shown in Fig. 16, for example, the voltage P of the first terminal 232a and the voltage
N of the second terminal 232a are set to satisfy the relationship of (P, N)=(0, Vdd) as the state corresponding to the
positive weight value 6α. Further, as the state corresponding to the negative weight value -α, the voltage N and the
voltage P are set to satisfy the relationship of (P, N) = (Vdd, 0).
[0257] For example, in the case where the positive weight value +α is set, the first gate 240a and the fourth gate 240d
enter the ON state, and the second gate 240b and the third gate 240c enter the OFF state. Further, for example, in the
case where the negative weight value -α is set, the second gate 240b and the third gate 240c enter the ON state, and
the first gate 240a and the fourth gate 240d enter the OFF state.
[0258] When a multiply-accumulate operation is performed, a gate voltage Vw for operating the first and second MOS
transistors 220a and 240b in the subthreshold region is applied to the operating voltage line 60. Further, the 6Dendrite
lines 7a and 7b are configured to be sufficiently lower than a power supply voltage Vth, for example.
[0259] As shown in Part A of Fig. 17, assumption is made that an electrical signal 18a of a pulse width τin

+ is input to
the +Axon line 6a in the synapse circuit 208 for which the positive weight value +α is set. The electrical signal 18a is
input to the first MOS transistor 220a, and charges (current) corresponding to a weight value α are generated by the
first MOS transistor 220a. The generated charges are input to the connection point 241a and output to the +Dendrite
line 7a from the first gate 240a, which has been in the ON state. As a result, the potential of the +Dendrite line 7a
increases over the period similar to the pulse width τin

+.
[0260] Further, assumption is made that an electrical signal 18b of a pulse width τin

- to the -Axon line 6b. The electrical
signal 18b is input to the second MOS transistor 220b, and charges (current) corresponding to the weight value α are
generated by the second MOS transistor 220b. The generated charges are input to the connection point 241b, and
output to the -Dendrite line 7b from the fourth gate 240b, which has been in the ON state. As a result, the potential of
the -Dendrite line 7b increases over the period similar to the pulse width τin

-.
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[0261] Meanwhile, in the case where the negative weight value -α is set, charges input from the first MOS transistor
220a to the connection point 241a are output to the -Dendrite line 7b from the second gate 240b, which has been in the
ON state. Similarly, charges input from the second MOS transistor 220b to the connection point 241b are output to the
+Dendrite line 7b from the third gate 240c, which has been in the ON state.
[0262] As a result, as shown in Part B of Fig. 17, in the synapse circuit 208 for which the negative weight value -α is
set, the potential of the -Dendrite line 7b increases over the period similar to the pulse width τin

+, and the potential of
the +Dendrite line 7a increases over the period similar to the pulse width τin

-.
[0263] Therefore, in the synapse circuit 208, the connection destination of the 6Axon lines 6a and 6b is switched in
accordance with the sign of the weight value 6α. That is, in the case where the positive weight value +α is set, the
+Axon line 6a and the +Dendrite line 7a are connected to each other, and the -Axon line 6a and the - Dendrite line 7a
are connected to each other. Further, in the case where the negative weight value -α is set, the +Axon line 6a and the
- Dendrite line 7b are connected to each other, and the -Axon line 6a and the +Dendrite line 7a are connected to each other.
[0264] Thus, the first and second gates 240a and 240b output, on the basis of the binary state, charges generated by
the first MOS transistor 220a to one of the 6Dendrite lines 7a and 7b. Further, the second and third gates 240a and
240b output, on the basis of the binary state, charges generated by the second MOS transistor 220b to the other of the
6Dendrite lines 7a and 7b. In the synapse circuits 208, the first and second gates 240a and 240b correspond to the first
switch unit, and the third and fourth gates 240c and 240d correspond to the second switch unit.
[0265] Fig. 18 is a circuit diagram showing an example of an input circuit that inputs an electrical signal to the 6Axon
lines 6a and 6b. An input circuit 270 includes a positive input signal terminal 271a, a negative input signal terminal 271b,
a positive input signal circuit 272a, a negative input signal circuit 272b, a type input terminal 273, and a reset terminal 274.
[0266] A positive input signal iXp representing the positive signal value xi

+ output from the circuit in the preceding
stage, and a negative input signal iXn representing the negative signal value xi

- are respectively input to the positive
and negative input signal terminals 271a and 271b. As will be described below, in the input circuit 270, either the TACT
system or the PWM system is used as the system of the input signal (electrical signal) (see Fig. 19).
[0267] The positive input signal circuit 272a includes a first p-MOS 275a, first to fourth n-MOSs 276a to 276d, and an
inverter 277. The gate terminal of the first p-MOS 275a is connected to the positive input signal terminal 271a. Further,
one terminal of the first p-MOS 275a is connected to a power source voltage, and the other terminal is connected to the
+Axon line 6a.
[0268] The gate terminal, one terminal, and the other terminal of the first n-MOS 276a are respectively connected to
the type input terminal 273, the +Axon line 6a, and one terminal of the second n-MOS 276b. The gate terminal and the
other terminal of the second n-MOS 276b are respectively connected to the positive input signal terminal 271a and a
GND. Therefore, the first and second n-MOSs 276a and 276b are connected in series between the +Axon line 6a and
the GND in the stated order.
[0269] The gate terminal, one terminal, and the other terminal of the third n-MOS 276c are respectively connected to
the output side of the inverter 277, the +Axon line 6a, and one terminal of the fourth n-MOS 276d. Further, the type input
terminal 273 is connected to the input side of the inverter 277. The gate terminal and the other terminal of the fourth n-
MOS 276b are respectively connected to the reset terminal 274 and a GND. Therefore, the third and fourth n-MOSs
276c and 276d are connected in series between the +Axon line 6a and the GND in the stated order.
[0270] The negative input signal circuit 272b includes a second p-MOS 275b and a fifth n-MOS 276e. The gate terminal
of the second p-MOS 275b is connected to the negative input signal terminal 271b. Further, one terminal and the other
terminal of the second p-MOS 275b are respectively connected to a power supply voltage and the -Axon line 6b. The
gate terminal, one terminal, and the other terminal of the fifth n-MOS 276e are respectively connected to the reset
terminal 274, the - Axon line 6b, and a GND.
[0271] Fig. 19 is a timing chart showing an example of an operation of the input circuit 270. In Part A of Fig. 19 and
Part B of Fig. 19, the timing charts in the case where a TACT electrical signal and a PWM electrical signal are used,
respectively, are shown. Further, in the example shown in Fig. 19, in the positive and negative input signals iXp and iXn,
the signal value xi is represented by a period of a low voltage (e.g., zero voltage). That is, each input signal is input as
a low-voltage pulse.
[0272] As shown in Part A of Fig. 19, in the TACT system, the voltage of the type input terminal 273 is set to 0 (Type=0).
In this case, the third n-MOS 276c of the positive input signal circuit 272a maintains the ON state. Note that in the positive
input signal circuit 272a, the second n-MOS 276b enters the ON state in the case where a low-voltage pulse is not input,
i.e., the positive input signal terminal 271a is at a high voltage.
[0273] When a low-voltage pulse is input to the positive input signal terminal 271a, the first p-MOS 275a enters the
ON state, and the +Axon line 6a has a positive voltage according to the power supply voltage Vdd. At this time, the input
capacitance of the first p-MOS 275a, the parasitic capacitance of the +Axon line 6a, and the like are charged. Note that
the +Axon line 6a is not connected to the GND while a low-voltage pulse is input because the first, second, and fourth
n-MOSs 276a, 276b, and 276d are in the OFF state.
[0274] Further, when a low-voltage pulse is input to the negative input signal terminal 271b, the second p-MOS 275b



EP 3 825 899 A1

23

5

10

15

20

25

30

35

40

45

50

55

enters the ON state, and the -Axon line 6a has a positive voltage corresponding to the power supply voltage Vdd. At
this time, the input capacitance of the second p-MOS 275b, the parasitic capacitance of the -Axon line 6b, and the like
are charged. Note that the fifth n-MOS 276e is in the OFF state, and the -Axon line 6b is not connected to the GND.
[0275] Thus, in the case where Type=0 is set, the input capacitances of the first and second p-MOS 275a and 275b,
and the like are charged when a low-voltage pulse is input. Therefore, even after each of the input signal terminals 271a
and 271b has had a positive voltage, a positive voltage corresponding to the power supply voltage Vdd is applied to the
6Axon lines 6a and 6b. As a result, after the timing of inputting the low-voltage pulse, it is possible to generate a TACT
electrical signal that continuously maintains a high-voltage state.
[0276] When a predetermined positive voltage pulse (reset signal) is input to the reset terminal 274, the fourth n-MOS
276d and the fifth n-MOS 276e enter the ON state. In this case, for example, in the positive input signal circuit 272a, a
path connecting the third n-MOS 276c and the fourth n-MOS 276d to each other is conducted, and the +Axon line 6a is
connected to the GND. As a result, the input capacitance of the first p-MOS 275a, the parasitic capacitance of the +Axon
line 6a, and the like are discharged, and the voltage of the +Axon line 6a is 0.
[0277] Similarly, in the negative input signal circuit 272b, the - Axon line 6a is connected to the GND via the fifth n-
MOS 276e. As a result, the input capacitance of the second p-MOS 275b, the parasitic capacitance of the -Axon line
6b, and the like are discharged, and the voltage of the -Axon line 6b is 0.
[0278] The reset signal is input, for example, before the timing when the next input signal is input. The timing when
the reset signal is input is not limited. For example, the reset signal may be input as appropriate, for example, in accordance
with the timing when one multiply-accumulate operation processing has been finished, the timing when the subsequent
multiply-accumulate operation processing is started, or the like.
[0279] As shown in Part B of Fig. 19, in the PWM system, the voltage of the type input terminal 273 is set to 1 (positive
voltage) (Type=1). Note that in the example shown in Part B of Fig. 19, the positive input signal terminal 271b (positive
input signal iXn), the - Axon line 6b, and the reset terminal 274 are not used.
[0280] When Type=1 is set, the first n-MOS 276a of the positive input signal circuit 272a is kept to be in the ON state.
Further, in the case where a low-voltage pulse is not input, the second n-MOS 276b enters the ON state. In this case,
the +Axon line 6a is connected to the GND.
[0281] When a low-voltage pulse is input to the positive input signal terminal 271a, the first p-MOS 275a enters the
ON state and the second n-MOS 276b enters the OFF state. Therefore, the +Axon line 6a is disconnected from the GND
and has a positive voltage corresponding to the power supply voltage Vdd. The state of the positive voltage of the +Axon
line 6a continues for a period similar to the pulse width of the low voltage pulse.
[0282] When the input of the low-voltage pulse is finished and the voltage of the positive input signal terminal 271a
increases, the first p-MOS 275a enters the OFF state and the second n-MOS 276b enters the ON state. As a result, the
+Axon line 6a is re-connected to the GND, and the voltage thereof is 0. Thus, by setting Type=1, it is possible to generate
a PWM electrical signal having the pulse width similar to the low-voltage pulse.
[0283] As described above, the input circuit 270 is capable of switching and generating a TACT electrical signal and
a PWM electrical signal. Note that as the input circuit 270, for example, a circuit for generating either a TACT electrical
signal or a PWM electrical signal may be used. In addition, the specific configuration of the input circuit 270 is not limited,
and may be appropriately configured so that a desired electrical signal can be output depending on, for example, the
system of the electrical signal to be used.
[0284] Fig. 20 is a circuit diagram showing an example of the function circuit 205 that implements a ReLU function.
Fig. 20 shows the two-input two-output function circuit 205 for realizing the ReLU function corresponding to the TACT
electrical signal. The function circuit 205 is applied to, for example, the arithmetic logic unit 200 shown in Fig. 12 and Fig. 14.
[0285] The function circuit 205 includes a ReLU circuit 250, a switch control circuit 251, first to fourth switches 252a
to 252d, a reset terminal 253, and a zero input terminal 254. Further, the function circuit 205 includes positive and
negative input terminals 255a and 255b and positive and negative output terminals 256a and 256b.
[0286] The ReLU circuit 250 is configured in the same manner as the function circuits 5a and 5b shown in Part A of
Fig. 9 and Part B of Fig. 9, for example, and is connected to the positive and negative input terminals 255a and 255b.
The positive multiply-accumulate signal Sin

+(t) and the negative multiply-accumulate signal Sin
-(t) are respectively input

from the positive and negative input terminals 255a and 255b to the ReLU circuit 250. In the ReLU circuit 250, a positive
voltage is output in the case where, for example, Sin

+(t) is input at the timing earlier than Sin
-(t) (in the case where the

entire multiply-accumulate result is greater than 0) (see Fig. 10).
[0287] The switch control circuit 251 includes a charging switch 260, a discharging switch 261, a capacitive element
262, and an inverter 263. One side, the other side, and the control terminal of the charging switch 260 are respectively
connected to a power supply voltage line, one side of the discharging switch 261, and the output side of the ReLU circuit
250. The other side and the control terminal of the discharging switch 261 are connected to a GND and the reset terminal
253.
[0288] Further, the connection point between the charging switch 260 and the discharging switch 261 is connected to
the input side of the inverter 263. The capacitive element 262 is a capacitor that operates as a digital memory, for
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example, and is connected between the input side of the inverter 263 and the GND.
[0289] The first switch 252a is connected between a positive input terminal 255a and a positive output terminal 256a.
The second switch 252b is connected between a negative input terminal 255b and a negative output terminal 256b.
Further, the control terminal of each of the first and second switches 252a and 252b is connected to the input side of
the inverter 263.
[0290] The third switch 252c is connected between the zero input terminal 254 and the positive output terminal 256a.
The fourth switch 252d is connected between the zero input terminal 254 and the negative output terminal 256b. Further,
the control terminal of each of the third and fourth switches 252c and 252d is connected to the output side of the inverter
263.
[0291] When the positive multiply-accumulate signal Sin

+(t) and the negative multiply-accumulate signal Sin
-(t) are

input, the ReLU circuit 250 outputs the signal corresponding to the sign of the entire multiply-accumulate result. For
example, in the case where the entire multiply-accumulate result is larger than 0, a positive voltage is output from the
ReLU circuit 250. As a result, the charging switch 260 enters the ON state, and predetermined charges are accumulated
in the capacitive element 262.
[0292] When charges are accumulated in the capacitive element 262, the potential of the input side of the inverter
263 increases. As a result, the first and second switches 252a and 252b enter the ON state. Thus, in the case where
the entire multiply-accumulate result is greater than or equal to 0, the positive and negative input terminals 255a and
255b and the positive and negative output terminals 256a and 256b are connected to each other. Note that the third
and fourth switches 252c and 252d connected to the output side of the inverter 263 enter the OFF state.
[0293] The input side of the inverter 263 is maintained at a high potential while charges are accumulated in the
capacitive element 262. Therefore, for example, even in the case where the output of the ReLU circuit 250 is 0, the first
and second switches 252a and 252b are maintained in the ON state. As a result, a positive multiply-accumulate signal
Sout

+(t) = Sin
+(t) and a negative multiply-accumulate signal Sout

-(t) = Sin
-(t) are output directly from the positive and

negative output terminals 256a and 256b.
[0294] Note that the capacitive element 262 is reset to the Low level every time the operation is performed. For example,
the discharging switch 261 is switched to the ON state by the reset signal input to the reset terminal 253. As a result,
charges accumulated in the capacitive element 262 can be discharged to the GND. The timing when the reset signal is
input, and the like are not limited, and the reset signal may be input as appropriate, for example, so that the multiply-
accumulate operation can be appropriately executed.
[0295] Further, in the case where the entire multiply-accumulate result is 0 or less, the output of the ReLU circuit 250
is 0. In this case, charging or the like to the capacitive element 262 is not performed, and the input side of the inverter
263 has a low potential. Therefore, the first and second switches 252a and 252b are maintained in the OFF state.
Meanwhile, the output-side of the inverter 263 has a high potential, and the third and fourth switches 252c and 252d
enter the ON state.
[0296] As a result, the positive and negative output terminals 256a and 256b are connected to the zero input terminal
254. From the zero input terminal 254, for example, a signal So representing the timing of zero is output. As a result,
the positive multiply-accumulate signal Sout

+(t)=S0 and the negative multiply-accumulate signal Sout
-(t)=S0 are respec-

tively output from the positive and negative output terminals 256a and 256b.
[0297] Thus, the function circuit 205 is a circuit that implements a ReLU function for the two inputs. Note that the
specific configuration of the function circuit 205 is not limited. For example, an arbitrary circuit that is capable operating
as a ReLU function for the positive and negative multiply-accumulate signals Sin

+(t) and Sin
-(t) may be used. Further,

for example, a circuit that implements an activation function other than the ReLU function may be used.
[0298] Fig. 21 is a circuit diagram showing another configuration example of the synapse circuit. A synapse circuit
308 includes a first MOS transistor 320a, a second MOS transistor 320b, first to fourth gates 340a to 340d, and a flip-
flop circuit 330. The flip-flop circuit 330 is configured similarly to the flip-flop circuit 130 described with reference to Fig.
11, for example.
[0299] The synapse circuit 308 is different from the synapse circuit 208 described with reference to Fig. 16 in the type
of MOS used as the first and second MOS transistors 320a and 320b and the type of MOS used as the first to fourth
gates 340a to 340d. Specifically, in the synapse circuit 308 shown in Fig. 21, an n-MOS that operates in a subthreshold
region is used as the first and second MOS transistors 320a and 320b. Further, a p-MOS is used as the first to fourth
gates 340a to 340d.
[0300] In the synapse circuit 308, for example, the voltage P of a first terminal 332a and the voltage N of a second
terminal 332b are set to satisfy the relationship of (P, N)=(Vdd, 0) as the state corresponding to the positive weight value
+α. Further, the voltage P and the voltage N are set to satisfy the relationship of (P, N) = (0, Vdd) as the state corresponding
to the negative weight value -α. Note that in the example shown in Fig. 21, the power supply voltage Vdd is set to 1.0 V.
[0301] For example, in the case where the positive weight value +∞ is set, a gate voltage = 0 is applied to the first
gate 340a and the fourth gate 340d, and the gates enter the ON state. At this time, a gate voltage = Vdd is applied to
the second gate 340b and the third gate 340c, and the gates enter the OFF state. Further, for example, in the case
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where the negative weight value -∞ is set, the second gate 340b and the third gate 340c enter the ON state and the first
gate 340a and the fourth gate 340d enter the OFF state.
[0302] When performing a multiply-accumulate operation, the operation voltage Vw (0.0 to 1.0 V) for causing the first
and second MOS transistors 320a and 320b to operate in the subthreshold region is applied to the operating voltage
line 60. Further, the 6Dendrite lines 7a and 7b are configured to be in a high-voltage state (e.g., 0.7 to 1.0 V) with the
upper limit of the power supply voltage Vth, for example. Further, the electrical signal represented by the voltage of 0.0
V or 1.0 V is input to the 6Axon lines 6a and 6b.
[0303] In the state where either the positive weight value +∞ or the negative weight -α is set, for example, an output
terminal 322a of the first MOS transistor 320a is connected to either the +Dendrite line 7a or the -Dendrite line 7b.
Therefore, the voltage of the output terminal 322a (drain) is higher than that of an input terminal 321b (source). For
example, in the case where the voltage of an input terminal 321a is 0 V, the voltage between a gate terminal 323a and
the input terminal 321a, i.e., a gate voltage Vgs, is Vw, and enters the ON state in the subthreshold region. Further, for
example, in the case where the voltage of the input terminal 321a is Vw, the gate voltage Vgs is 0 V and the first MOS
transistor 320a enters the OFF state.
[0304] In the case where the first MOS transistor 320a enters the ON state, current flows from the output terminal
322a (drain) to the input terminal 321b (source). That is, electrons (negative charges), which are carriers of the n-MOS,
are output from the input terminal 321a (source) to the output terminal 322b (drain). Note that the amount of negative
charges to be output can be set by using the conduction resistance R. As a result, for example, it is possible to generate
charges (negative charges) corresponding to the set weight value +α. This also applies to the second MOS transistor
320b. In the following, the negative charges output from the first and second MOS transistors 320a and 320b will be
referred to simply as charges.
[0305] Therefore, in the synapse circuit 308, an electrical signal representing the signal value xi in the state where the
voltage is 0 is used. That is, low-voltage pulses (see Fig. 19) are input to the 6Axon lines 6a and 6b. The low-voltage
pulses can be generated by, for example, appropriately configuring the input circuit 270.
[0306] For example, in the case where the positive weight value +α is set, charges input from the first MOS transistor
320a to a connection point 341a are output from the first gate 340a, which has been in the ON state, to the +Dendrite
line 7a. Similarly, charges input to a connection point 341b from the second MOS transistor 320b are output from the
fourth gate 340d, which has been in the ON state, to the -Dendrite line 7b.
[0307] Further, for example, in the case where the negative weight value -α is set, charges input from the first MOS
transistor 320a to the connection point 341a are output from the second gate 340b, which has been in the ON state, to
the -Dendrite line 7b. Similarly, charges input from the second MOS transistor 320b to the connection point 341b are
output from the third gate 340c, which has been in the ON state, to the +Dendrite line 7b.
[0308] For example, charges (negative charges) output to the 6Dendrite line 7 by the respective synapse circuits 308
are accumulated in the capacitor or the like, and the accumulation amount is detected. Note that the method of detecting
the amount of accumulated negative charges is not limited. For example, it is possible to calculate positive and negative
multiply-accumulate results and the entire multiply-accumulate result on the basis of the detected accumulation amount.
As described above, even in the case where an n-MOS is used as the first and second MOS transistors 320a and 320b,
it is possible to appropriately execute a multiply-accumulate operation.
[0309] The synapse circuit 308 shown in Fig. 21 is configured by using 15 MOS transistors. Further, eight wires (the
6Axon lines 6a and 6b, the 6Dendrite lines 7a and 7b, the two power supply voltage lines, the operating voltage line
60, and the control line 61) are connected to the synapse circuit 308. By using the independent operating voltage line
60 and the independent control line 61, it is possible to stably realize weight setting, a multiply-accumulate operation,
and other processing even in the case where an n-MOS is used as a weight.
[0310] Fig. 22 is a circuit diagram showing another configuration example of the synapse circuit. A synapse circuit
408 includes a first MOS transistor 420a, a second MOS transistor 420b, first to fourth gates 440a to 440d, and a flip-
flop circuit 430. Further, the 6Axon lines 6a and 6b, the 6Dendrite lines 7a and 7b, a first control line 61a, and a second
control line 61b are connected to the synapse circuit 408.
[0311] The first to fourth gates 440a to 440d are configured in the same manner as those of the synapse circuit 308
described with reference to Fig. 21, for example. Further, the flip-flop circuit 430 is configured in the same manner as
the flip-flop circuit 130 described with reference to Fig. 11, for example. Note that an inputting gate 435 of the flip-flop
circuit 430 is connected to the second control line 61b. The first and second control lines 61a and 61b are used for
setting the weight values 6α and the like.
[0312] A first MOS transistor 420 is an n-MOS that operates in a subthreshold region, and includes an input terminal
421a, an output terminal 422a, and a gate terminal 423a. The input terminal 421a is connected to a GND. The output
terminal 422a is connected to a connection point 441a between the first gate 440a and the second gate 440b. The gate
terminal 423a is connected to the +Axon line 6a. In this embodiment, the first MOS transistor 420a corresponds to the
first weight unit.
[0313] A second MOS transistor 420 is an n-MOS that operates in a subthreshold region, and includes an input terminal
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421b, an output terminal 422b, and a gate terminal 423b. The input terminal 421b is connected to a GND. The output
terminal 422b is connected to a connection point 422b between the third gate 440c and the fourth gate 440d. The gate
terminal 423b is connected to the -Axon line 6b. In this embodiment, the second MOS transistor 420b corresponds to
the second weight unit.
[0314] As described above, the input terminals 421a and 421b of the first and second MOS transistors 420a and 420b
are connected to GNDs. Further, the output terminals 422a and 422b are connected to one of the 6Dendrite lines 7a
and 7b via the respective gates. Thus, the input terminals 421a and 421b are the source side where the voltage is lower,
and the output terminals 422a and 422b are the drain side.
[0315] Note that the present technology is not limited to the case where the input terminals 421a and 421b are connected
to the GNDs. For example, the input terminals 421a and 421b may be connected to a constant voltage source or the
like in which the voltage is set so that the multiplying processing can be properly executed. In this embodiment, the GND
corresponds to the predetermined constant voltage source.
[0316] In the synapse circuit 408, for example, the voltage P of a first terminal 432a and the voltage N of a second
terminal 432b are set to satisfy the relationship of (P, N)=(Vdd, 0) as the state corresponding to the positive weight value
+α. Further, the voltage P and the voltage N are set to satisfy the relationship of (P, N) = (0, Vdd) as the state corresponding
to the negative weight value -α. Note that in the case shown in Fig. 22, the power supply voltage Vdd is set to 1.0 V.
[0317] When performing a multiply-accumulate operation, the 6Dendrite lines 7a and 7b are set to a high-voltage
state with the power supply voltage Vdd as the upper limit, for example. This increases the voltage of the connection
points 441a and 441b, and the first and second MOS transistors 420a and 420b enter the state where the drain voltage
(voltage between the output terminal and the input terminal) is applied.
[0318] In this state, the voltages of the gate terminals 423a and 423b of the first and second MOS transistors 420a
and 420b are controlled by the electrical signal flowing through the 6Axon lines 6a and 6b. For example, in the case
where the voltage of the +Axon line 6a is 0, the gate voltage Vgs is 0 and the first MOS transistor 420a enters the OFF
state. Further, for example, in the case where the voltage of the +Axon line 6a is Vw, the gate voltage Vgs is Vw, and
the first MOS transistor 420a enters the ON state in the subthreshold region. This also applies to the second MOS
transistor 420b.
[0319] Therefore, in the synapse circuit 408, an electrical signal representing the signal value xi in the state where the
voltage is Vw is used. This allows the first and second MOS transistors 420a and 420b to generate charges corresponding
to the multiplication value of the signal value xi and the weight value α on the basis of the electrical signal.
[0320] For example, in the case where the positive weight value +α is set, charges generated by the first MOS transistor
420a are output from the first gate 440a to the +Dendrite line 7a. Similarly, charges generated by the second MOS
transistor 420b are output from the fourth gate 440d to the -Dendrite line 7b.
[0321] Further, for example, in the case where the negative weight value -α is set, charges generated by the first MOS
transistor 420a are output from the second gate 440b to the -Dendrite line 7b. Similarly, charges generated by the second
MOS transistor 420b are output from the third gate 440c to the +Dendrite line 7a.
[0322] The synapse circuit 408 shown in Fig. 22 is configured by using 15 MOS transistors. Further, eight wires (the
6Axon lines 6a and 6b, the 6Dendrite lines 7a and 7b, the two power supply voltage line, and the first and second
control lines 61a and 61b) are connected to the synapse circuit 408. In this configuration, since the source side of each
of the MOS transistors 420a and 420b is wired to a GND, it is possible to configure the source-side wiring thicker and
suppress the wiring resistance or the like. Further, the source and the substrate (GND side) are locally connected to
each other, so that the potential on the source side can be stabilized, and, for example, a multiply-accumulate operation
can be stably executed.
[0323] Fig. 23 is a circuit diagram showing another configuration example of the synapse circuit. A synapse circuit
508 includes first to fourth MOS transistors 520a to 520d and a flip-flop circuit 530. Further, the 6Axon lines 6a and 6b
and the 6Dendrite lines 7a and 7b are connected to the synapse circuit 508.
[0324] The first to fourth MOS transistors 520a to 520d are each an n-MOS that operates in a subthreshold region,
and are configured similarly to each other. The first to fourth MOS transistors 520a to 520d respectively include input
terminals 521a to 521d, output terminals 522a to 522d, and gate terminals 523a to 523d.
[0325] The input terminal 521a of the first MOS transistor 520a is connected to the +Axon line 6a. The output terminal
522a is connected to the +Dendrite line 7a. The gate terminal 523a is connected to a first terminal 532a of the flip-flop
circuit 530. The input terminal 521b of the second MOS transistor 520b is connected to the +Axon line 6a. The output
terminal 522b is connected to the -Dendrite line 7b. The gate terminal 523b is connected to a second terminal 532b of
the flip-flop circuit 530. In the synapse circuit 508, the first and second MOS transistors 520a and 520b function as the
first weight unit and the first switch unit.
[0326] The input terminal 521c of the third MOS transistor 520c is connected to the -Axon line 6b. The output terminal
522c is connected to the +Dendrite line 7a. The gate terminal 523c is connected to the second terminal 532b of the flip-
flop circuit 530. The input terminal 521d of the fourth MOS transistor 520d is connected to the -Axon line 6b. The output
terminal 522d is connected to the -Dendrite line 7b. The gate terminal 523d is connected to the first terminal 532a of the
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flip-flop circuit 530. In the synapse circuit 508, the third and fourth MOS transistors 520c and 520d function as the second
weight unit and the second switch unit.
[0327] The flip-flop circuit 530 includes first and second inverters 531a and 531b, the first and second terminals 532a
and 532b, and first and second inputting gates 533a and 533b. The output of the first inverter 531a is input to the second
inverter 531b. Further, the output of the second inverter 531b is input to the first inverter 531a.
[0328] The first terminal 532a is a terminal connected to the input side of the first inverter 531a (output side of the
second inverter 531b). The second terminal 532b is a terminal connected to the output side of the first inverter 531a
(input side of the second inverter 531b).
[0329] The first and second inputting gates 533a and 533b are each a p-MOS. The gate terminal, one terminal, and
the other terminal of the first inputting gate 533a are respectively connected to the +Dendrite line 7a, the +Axon line 6a,
and the first terminal 532a. The gate terminal, one terminal, and the other terminal of the second inputting gate 533b
are respectively connected to the -Dendrite line 7a, the -Axon line 6b, and the second terminal 532b.
[0330] In the synapse circuit 508, the 6Axon lines 6a and 6b and the 6Dendrite lines 7a and 7b are used to set the
binary state (the positive and negative weight values6α) for the flip-flop circuit 530. Note that the first and second
inverters 531a and 531b are driven by the power supply voltage Vdd=Vw. The power supply voltage Vdd is set to, for
example, 0.5 V or less.
[0331] When setting the weight, for example, the Dendrite lines 7a and 7b are set to 0 V. As a result, the first and
second inverters 531a and 531b enter the ON state. In this state, the voltage of one of the 6Axon lines 6a and 6b is set
to Vw, and the other voltage is set to 0. As a result, it is possible to set the voltage P and the voltage N of the first and
second terminals 532a and 532b.
[0332] In the synapse circuit 508, for example, the relationship of (P, N)=(Vw, 0) is set as the state corresponding to
the positive weight value +α. Further, the relationship of (P, N) = (0, Vw) is set as the state corresponding to the negative
weight value -α.
[0333] When performing a multiply-accumulate operation, the 6Dendrite lines 7a and 7b are set to a voltage higher
than the power supply voltage Vdd of the flip-flop circuit 530, for example. This causes the first and second MOS
transistors 520a and 520b to be in a state where a drain voltage (voltage between the output terminal and the input
terminal) is applied.
[0334] For example, assumption is made that the voltage of the +Axon line 6a is 0 while the positive weight value +α
is set. In this case, the voltages of the input terminals 521a and 521b are 0. For example, the first MOS transistor 520a
enters the ON state because the voltage P = Vw is applied to the gate terminal 523a and the gate voltage Vgs = Vw.
Meanwhile, the second MOS transistor 520b enters the OFF state because the voltage N=0 is applied to the gate terminal
523b and the gate voltage Vgs = 0.
[0335] Further, for example, assumption is made that the voltage of the +Axon line 6a is 1.0 V while the positive weight
value +α is set. In this case, the voltages of the input terminals 521a and 521b are 1.0 V. For example, the first MOS
transistor 520a enters the OFF state in the case where the voltage P = Vw is applied to the gate terminal 523a and the
gate voltage Vgs <0. Further, the second MOS transistor 520b enters the OFF state because the voltage N=0 is applied
to the gate terminal 523b and the gate voltage Vgs <0.
[0336] Thus, the first and second MOS transistors 520a and 520b enter the ON state in the case where the +Axon
line 6a is 0 and the voltages of the gate terminals 523a and 523b are Vw. This also applies to the third and fourth MOS
transistors 520c and 520d.
[0337] Therefore, in the synapse circuit 508, an electrical signal (low-voltage pulse) representing the signal value xi
in the state where the voltage is 0 is used. This allows the first to fourth MOS transistors 520a to 520d to generate
charges corresponding to the multiplication value of the signal value xi and the weight value α on the basis of the electrical
signal.
[0338] For example, in the case where the positive weight value +α is set, charges generated by the first MOS transistor
520a are output to the +Dendrite line 7a. Similarly, charges generated by the fourth MOS transistor 520d are output to
the -Dendrite line 7b.
[0339] Further, for example, in the case where the negative weight value -α is set, charges generated by the second
MOS transistor 520b are output to the -Dendrite line 7b. Similarly, charges generated by the third MOS transistor 520c
are output to the +Dendrite line 7a.
[0340] The synapse circuit 508 shown in Fig. 23 is configured by using 10 MOS transistors. Further, six wires (the
6Axon lines 6a and 6b, the 6Dendrite lines 7a and 7b, and the two power supply voltage lines) are connected to the
synapse circuit 508. In this configuration, it is possible to reduce the number of necessary MOS transistors and wires,
and reduce the device area or the like. This makes it possible to realize miniaturization and large scaling of integrated
circuits.
[0341] Fig. 24 is a circuit diagram showing another configuration example of the synapse circuit. A synapse circuit
608 includes first to fourth MOS transistors 620a to 620d and a flip-flop circuit 630. Further, the 6Axon lines 6a and 6b
and the 6Dendrite lines 7a and 7b are connected to the synapse circuit 608. Note that the flip-flop circuit 630 is configured
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in the same manner as the flip-flop circuit 530 described with reference to Fig. 23, for example.
[0342] The first to fourth MOS transistors 620a to 620d are each an n-MOS that operates in the subthreshold region,
and are configured similarly to each other. The first to fourth MOS transistors 620a to 620d respectively include input
terminals 621a to 621d, output terminals 622a to 622d, and gate terminals 623a to 623d.
[0343] The input terminal 621a of the first MOS transistor 620a is connected to a second terminal 632b of the flip-flop
circuit 630. The output terminal 622a is connected to the +Dendrite line 7a. The gate terminal 623a is connected to the
+Axon line 6a. The input terminal 621b of the second MOS transistor 620b is connected to a first terminal 632a of the
flip-flop circuit 630. The output terminal 622b is connected to the -Dendrite line 7b. The gate terminal 623b is connected
to the +Axon line 6a. In the synapse circuit 608, the first and second MOS transistors 620a and 620b function as the
first weight unit and the first switch unit.
[0344] The input terminal 621c of the third MOS transistor 620c is connected to the first terminal 632a of the flip-flop
circuit 630. The output terminal 622c is connected to the +Dendrite line 7a. The gate terminal 623c is connected to the
-Axon line 6b. The input terminal 621d of the fourth MOS transistor 620d is connected to the second terminal 632b of
the flip-flop circuit 630. The output terminal 622d is connected to the -Dendrite line 7b. The gate terminal 623d is connected
to the -Axon line 6b. In the synapse circuit 608, the third and fourth MOS transistors 620c and 620d function as the first
weight unit and the first switch unit.
[0345] In the synapse circuit 608, for example, the relationship of (P, N) = (Vdd, 0) is set as the state corresponding
to the positive weight value +α. Further, the relationship of (P, N) = (0, Vdd) is set as the state corresponding to the
negative weight value -α. Note that the power supply voltage Vdd is set to, for example, approximately 1.0 V.
[0346] When performing a multiply-accumulate operation, the 6Dendrite lines 7a and 7b are set to a high-voltage
state with the upper limit of the power supply voltage Vdd of the flip-flop circuit 630, for example. This causes the first
and second MOS transistors 620a and 620b to be in a state where a drain voltage (voltage between the output terminal
and the input terminal) is applied.
[0347] For example, assumption is made that the voltage of the +Axon line 6a is 0 while the positive weight value +α
is set. In this case, the voltages of the gate terminals 623a and 623b of the first and second MOS transistors 620a and
620b are 0. For example, the first MOS transistor 620a enters the OFF state because the voltage N=0 is applied to the
input terminal 621a and the gate voltage Vgs = 0. Further, the second MOS transistor 620b enters the OFF state because
the voltage P = Vdd is applied to the input terminal 621b and the gate voltage Vgs = -Vdd.
[0348] Further, for example, assumption is made that the voltage of the +Axon line 6a is Vw while the positive weight
value +α is set. In this case, the voltages of the gate terminals 623a and 623b of the first and second MOS transistors
620a and 620b are Vw. For example, the first MOS transistor 620a enters the ON state because voltage N=0 is applied
to the input terminal 621a and the gate voltage Vgs = Vw. Meanwhile, the gate voltage of the second MOS transistor
620b satisfies the relationship of Vgs=Vw-Vdd because the voltage P = Vdd is applied to the input terminal 621b. That
is, since the gate voltage Vgs is lower than Vw, the second MOS transistor 620b enters the OFF state.
[0349] As described above, the first and second MOS transistors 620a and 620b enter the ON state in the case where
the +Axon line 6a (the gate terminals 623a and 623b) is at Vw and the voltages of the input terminals 621a and 621b
are 0. This also applies to the third and fourth MOS transistors 620c and 620d.
[0350] Therefore, in the synapse circuit 608, an electrical signal representing the signal value xi in the state where the
voltage is Vw is used. This allows the first and second MOS transistors 620a and 620b to generate charges corresponding
to the multiplication value of the signal value xi and the weight value α on the basis of the electrical signal.
[0351] For example, in the case where the positive weight value +α is set, charges generated by the first MOS transistor
620a are output to the +Dendrite line 7a. Similarly, charges generated by the fourth MOS transistor 620d are output to
the -Dendrite line 7b.
[0352] Further, for example, in the case where the negative weight value -α is set, charges generated by the second
MOS transistor 620b are output to the -Dendrite line 7b. Similarly, charges generated by the third MOS transistor 620c
are output to the +Dendrite line 7a.
[0353] The synapse circuit 608 shown in Fig. 24 is configured by using 10 MOS transistors. Further, six wires (the
6Axon lines 6a and 6b, the 6Dendrite lines 7a and 7b, and the two power supply voltage lines) are connected to the
synapse circuit 608. In this configuration, it is possible to reduce the number of necessary MOS transistors and wires,
and reduce the device area or the like.
[0354] Further, since the source of each of the MOS transistors 620a to 620d is connected to the flip-flop circuit 630,
it is possible to thicken the wiring of the source, and suppress the wiring resistance. Further, each of the sources is
locally connected to a substrate (GND) via the flip-flop circuit 630. As a result, it is possible to stabilize the source-side
potential, and stably execute a multiply-accumulate operation, for example.
[0355] Fig. 25 is a circuit diagram showing another configuration example of the synapse circuit. A synapse circuit
708 includes first to fourth MOS transistors 720a to 720d and a flip-flop circuit 730. Further, the 6Axon lines 6a and 6b
and the 6Dendrite lines 7a and 7b are connected to the synapse circuit 708.
[0356] The first to fourth MOS transistors 720a to 720d are configured in the same manner as the first to fourth MOS
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transistors 620a to 620d described with reference to Fig. 24, for example. Further, the flip-flop circuit 730 is configured
in the same manner as the flip-flop circuit 30 described with reference to Fig. 5, for example. That is, the synapse circuit
708 has a configuration obtained by removing first and second inputting gates 633a and 633b from the synapse circuit
608 shown in Fig. 24.
[0357] In the synapse circuit 708, the -Axon line 6b and the 6Dendrite lines 7a and 7b are used to set the binary state
(positive and negative weight values 6α) for the flip-flop circuit 730. Note that the power supply voltage Vdd of first and
second inverters 731a and 731b are set to, for example, 2.5 V.
[0358] When setting the weight, for example, the voltage of the +Axon line 6a is set to 0, and the voltage of the -Axon
line 6b is set to Vdd. As a result, the third and fourth MOS transistors 720c and 720d enter the ON state. In this state,
the voltage of one of the 6Dendrite lines 7a and 7b is set to Vdd, and the other voltage is set to 0. Thus, it is possible
to set the voltage P and the voltage N of first and second terminals 732a and 732b.
[0359] In the synapse circuit 708, for example, the relationship of (P, N) = (Vdd, 0) is set as the state corresponding
to the positive weight value +α. Further, the relationship of (P, N) = (0, Vdd) is set as the state corresponding to the
negative weight value -α. Further, in the synapse circuit 708, an electrical signal representing the signal value xi in the
state where the voltage is Vw is used. The operation when an electrical signal is input while the weight values 6α are
set is similar to the operation described with reference to Fig. 24.
[0360] The synapse circuit 708 shown in Fig. 25 is configured by using 8 MOS transistors. Further, six wires (the
6Axon lines 6a and 6b, the 6Dendrite lines 7a and 7b, and the two power supply voltage lines) are connected to the
synapse circuit 708. In this configuration, the number of MOS transistors is small, so that it is possible to sufficiently
reduce the device area or the like. This makes it possible to greatly improve the integration density of the device, and
the like. Further, the number of MOS transistors connected to each input/output line or the like is small, so that the
parasitic capacitance or the like of each line can be sufficiently reduced. As a result, it is possible to sufficiently suppress
the power consumption of the device.

<Other embodiments>

[0361] The present technology is not limited to the embodiments described above, and various other embodiments
can be realized.
[0362] In the above-mentioned embodiment, the amount of charges input to the 6Dendrite lines is controlled by using
a MOS transistor that operates in the subthreshold region. Therefore, the MOS transistor functions as a high-resistance
element that controls the amount of charges corresponding to the multiplication value (wi·xi) by the high conduction
resistance R. The present technology is not limited thereto. The amount of charges corresponding to the multiplication
value may be controlled by using another high-resistance element.
[0363] For example, a MOS transistor configured to operate at a higher gate-voltage than the threshold voltage Vth
may be used. In this case, by providing an arbitrary high-resistance component between the current source (6Axon
lines, the flip-flop circuit, and the like) and the 6Dendrite lines, it is possible to easily reduce the amount of charges
output to the 6Dendrite lines. Thus, it is possible to significantly suppress the power consumed during the operation,
and realize a low-power-consumption device.
[0364] The one-input two-output synapse circuit that deals with a PWM electrical signal has been described in the first
embodiment. For example, a TACT electrical signal may be input to a one-input two-output synapse circuit. In this case,
it is possible to perform multiply-accumulate operation processing using a TACT electrical signal by appropriately exe-
cuting the arithmetic processing by a neuron circuit.
[0365] For example, as described with reference to (Math. 3) and (Math. 4), in a multiply-accumulate operation using
a TACT electrical signal, the entire multiply-accumulate result is expressed as (Math. 4) in the case where the total sum
β+ of the positive weight values and the total sum β- of the negative weight values are equal to each other. Therefore,
in the case where β+ and β- differs from each other, it is possible to create the state where β+ and β- are equal to each
other by using a dummy weight that compensate for the difference.
[0366] This corresponds to, for example, generating charges corresponding to the dummy weight and charging the
capacitor shown in Fig. 4. In this way, by providing a circuit for additionally charging the capacitor in accordance with
the difference between β+ and β-, it is possible to deal with a TACT electrical signal using a one-input two-output synapse
circuit. For example, such a configuration may be adopted.
[0367] Fig. 26 is a circuit diagram showing a specific configuration example of the neuron circuit 9 shown in Fig. 4.
The neuron circuit 9 shown in Fig. 26 is a circuit that charges the capacitor 13 at a constant charging speed after the
input period T. Further, the neuron circuit 9 receives a pair of positive and negative outputs from the pair of output lines
7 as inputs, and outputs one multiply-accumulate result from a single output signal line 10, similarly to Fig. 4. In Fig. 26,
a case where charges generated by the PWM signal are input to the neuron circuit 9 will be described.
[0368] In the following, the input period T is referred to as Tin, and the output period in which a multiply-accumulate
signal is generated after the input period Tin is referred to as Tout in some cases. Note that the input period Tin and the
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output period Tout are typically periods set to the same consecutive length T (Tin=Tout = T) .
[0369] The neuron circuit 9 includes a charging unit 80 in addition to the accumulation unit 11 and the output unit 12
shown in Fig. 4. The charging unit 80 charges the capacitor 13 at a constant charging speed in the output period Tout
after the input period Tin. As described above, the PWM signal is a signal representing a signal value by a pulse width
within the input period Tin, and all the PWM signals are zero after the input period Tin (see Fig. 2). Therefore, in the
output period Tout, charges output to each of the output line 7 are substantially zero. The charging unit 80 shown in Fig.
4 operates in this output period Tout so as to connect the capacitor 13 to a predetermined current line In to charge the
capacitor 13.
[0370] The charging unit 80 includes a first selector switch 81a, a second selector switch 82a, and a third selector
switch 83a for changing the connection destination of the capacitor 13a, and a first selector switch 81b, a second selector
switch 82b, and a third selector switch 83b for changing the connection destination of the capacitor 13b. Further, a first
control line SW1, a second control line SW2, and the current line In are connected to the charging unit 80. Note that the
connection state (ON or OFF) of each of the selector switches shown in Fig. 26 represents a connection state in the
input period Tin.
[0371] The first selector switch 81a is connected between a positive output line 7a and a GND in the upstream from
the capacitor 13a. The second selector switch 82a is connected between the current line In and an output node 84a of
the capacitor 13a. Here, the output node 84a is a node (terminal) on the side opposite to the side of the capacitor 13a
connected to a GND. The third selector switch 83a is provided between the output node 84a (the capacitor 13a) and
the positive output line 7a. Further, the output node 84a is connected to the output unit 12 of a subsequent stage.
[0372] The first selector switch 81b is connected between a negative output line 7b and a GND in the upstream from
the capacitor 13b. The second selector switch 82b is connected between the current line In and an output node 84b of
the capacitor 13b. The third selector switch 83b is provided between the output node 84b (the capacitor 13b) and the
negative output line 7b. Further, the output node 84b is connected to the output unit 12 of a subsequent stage.
[0373] The first control line SW1 controls the first selector switches 81a and 81b. The second control line SW2 controls
the second selector switches 82a and 82b and the third selector switches 83a and 83b. Note that the second selector
switch 82a (82b) and the third selector switch 83a (83b) are configured so that the ON/OFF states thereof are opposite
to each other. In the case where one of them is ON, the other is OFF. The specific configuration of each of the selector
switches is not limited, and, for example, an analogue switch using a CMOS circuit or the like may be used. Further, a
control signal for operating the selector switch is appropriately input to each of the control lines.
[0374] The output unit 12 outputs a multiply-accumulate signal by performing threshold determination on the potential
of the capacitor 13 in the output period Tout. Here, the potential of the capacitor 13 is the potential of each of the output
nodes 84a and 84b of the capacitors 13a and 13b. Specifically, threshold determination of a potential difference (voltage)
between the potential of each of the output nodes 84a and 84b and the GND potential is performed. In the following,
the potential of each of the output nodes 84a and 84b with reference to the GND will be referred to simply as the voltage
in some cases.
[0375] The output unit 12 includes positive and negative comparators 85a and 85b and a ReLU function circuit 86.
Further, the output unit 12 is connected to a threshold voltage line Vth that supplies a predetermined threshold voltage.
The positive comparator 85a (negative comparator 85b) is connected to the output node 84a (the output node 84b) and
the threshold voltage line Vth, and switches the output level from Low to High in the case where the voltage of the output
node 84a (the output node 85b) exceeds the threshold voltage. The specific configuration of each of the comparators
85a and 85b is not limited.
[0376] Note that the value of the threshold voltage set to the threshold voltage line Vth is set, for example, during the
output period Tout, together with the charging speed of the capacitor 13 described below so that the positive and negative
multiply-accumulate results can be properly detected. Alternatively, the threshold voltage may be set in accordance with
the capacitance of the capacitor 13, or the like. In addition, the method of setting the threshold voltage, and the like are
not limited.
[0377] The ReLU function circuit 86 is a circuit that implements the ReLU function described with reference to Fig. 1.
The ReLU function circuit 86 can be configured using, for example, a logical circuit as in the circuit shown in Fig. 9
described below. Further, the ReLU function circuit 86 functions as the function circuit 5 shown in Fig. 1 and the like.
That is, it can be said that the neuron circuit 9 shown in Fig. 26 includes the function circuit 5.
[0378] Fig. 27 is a timing chart showing an operation example of the neuron circuit 9 shown in Fig. 26. Part A of Fig.
27 and Part B of 27 are respectively timing charts showing multiply-accumulate operations for a positive weight value
and a negative weight value. Further, Part C of Fig. 27 is a timing chart showing the operation of the ReLU function
circuit 86. Hereinafter, an operation example of the neuron circuit 9 will be described with reference to Fig. 26 and Fig. 27.
[0379] First, before the input period Tin is started, the first selector switches 81a and 81b are each set to the ON state
by the first control line SW1, and the output lines 7a and 7b are grounded to the GNDs. At this time, the second selector
switches 82a and 82b are each in the OFF state. Further, the third selector switches 83a and 83b are each in the ON
state, and the capacitors 13a and 13b are respectively connected to the positive and negative output lines 7a and 7b.
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That is, the charging unit 80 connects the capacitor 13 to the GND before the input period Tin is started.
[0380] As a result, the output lines 7a and 7b can be initialized to the GND level (installation level) and reset as the
initial state before a multiply-accumulate operation is performed. As a result, charges accumulated in the capacitor 13
and charges accumulated in the parasitic capacitance of the output line 7, or the like, are discharged to the GND. As a
result, charges or the like accumulated in the previous operation are reset, and thus, it is possible to repeatedly execute
the appropriate arithmetic processing.
[0381] Note that when the resetting of charges is completed, the first selector switches 81a and 81b are each set to
the OFF state by the first control line SW1. Further, the second selector switches 82a and 82b are each maintained in
the OFF state, and the third selector switches 83a and 83b are each maintained in the ON state. In this state, the input
period Tin is started. Thus, the charging unit 80 connects the capacitor 13 to the pair of output lines 7a and 7b in the
input period Tin.
[0382] In the input period Tin, PWM signals are input from a plurality of input signal lines 6 (Axon lines), and the
respective capacitors 13a and 13b are charged. For example, in the input period Tin, a plurality of PWM signals (input
signals) is input to each of the output lines 7a and 7b via each of the synapse circuits 8 (weights). Hereinafter, signals
input to the positive and negative output lines 7a and 7b will be referred to as 6Axon(n).
[0383] For example, as shown in Part A of Fig. 27, PWM signals from +Axon(1) to +Axon(n) are input to the positive
the output line 7a. As a result, the capacitor 13a on the positive side is charged in accordance with the pulse width (signal
value) of each PWM signal, and the voltage (+Dendrite) of the capacitor 13a is increased in accordance with the input
of each PWM signal for the positive output line 7a. Similarly, as shown in Part B of Fig. 27, PWM signals from - Axon(1)
to -Axon(n’) are input to the negative output line 7b. As a result, the voltage (-Dendrite) of the capacitor 13a on the
negative side is increased in accordance with the input of each PWM signal for the negative output line 7a. Note that
all PWM signals are input before the input period Tin is ended.
[0384] When the input period Tin is ended, the output period Tout is started continuously thereto. At the timing when
the output period Tout is started, the third selector switches 83a and 83b are each set to the OFF state by the second
control line SW2. As a result, the output lines 7a and 7b are separated from the subsequent stage (the accumulation
unit 11 and the output unit 12) of the neuron circuit 9.
[0385] Further, at substantially the same time, the second selector switches 82a and 82b are each set to the ON state,
and the current line In is connected to the capacitors 13a and 13b. As a result, the capacitors 13a and 13b are charged
by the current line In. Specifically, as shown in Part A of Fig. 27 and Part B of 27, In+ and In- flow into the capacitors
13a and 13b by connecting to the current line In.
[0386] In this embodiment, the current line In function as a constant current source. Therefore, the currents (In+ and
In-) flowing into the respective capacitors 13a and 13b have the same value. These currents cause the capacitors 13a
and 13b to be charged at a constant charging speed. Thus, the charging unit 80 connects the capacitor 13 to the current
line In that supplies a current corresponding to the constant charging speed in the output period Tout. As a result, it is
possible to easily detect charges accumulated in the input period Tin accurately by threshold determination. In the
example shown in Fig. 26, the current line In corresponds to the current source.
[0387] For example, as shown in Part A of Fig. 27 and Part B of Fig. 27, the 6Dendrite, which are the voltages of the
capacitors 13a and 13b, increase at a constant rate at the beginning of the output period Tout (the end of the input period
Tin) by being connected to the current line In. The slopes of this increases are equal to each other between the capacitors
13a and 13b. As a result, for example, the timing when the 6Dendrite exceed the threshold voltage represents the
voltage at the end timing of the input period Tin of each of the capacitors 13a and 13b. As a result, charges accumulated
in the input period Tin, i.e., positive and negative multiply-accumulate results can be properly represented.
[0388] The current line In supplies current until the 6Dendrite reach the threshold voltage Vth. Then, when the
6Dendrite reach the threshold voltage Vth, the output signals Sn

+(t) and Sn
-(t) are respectively generated from the

comparators 85a and 85b. Sn
+(t) and Sn

- (t) are multiply-accumulate signals respectively representing a positive multiply-
accumulate result and a negative multiply-accumulate result.
[0389] In the example shown in Fig. 27, since the voltage of the capacitor 13a at the end timing of the input period Tin
is higher than that of the capacitor 13b, Sn

+(t) is generated earlier than Sn
-(t). As described above, the signal output

from the comparator is a signal having the larger accumulate result as the rising timing is earlier.
[0390] The signals (Sn

+(t) and Sn
-(t)) representing positive and negative multiply-accumulate results are input to the

ReLU function circuit 86, and the difference between them is output as the PWM signal Sn(t). As shown in Part C of Fig.
27, Sn(t) is a signal that is High when Sn

+(t) is High and Sn
-(t) is low. The pulse width of Sn(t) represents the difference

between the positive and negative multiply-accumulate results, i.e., the final result of the multiply-accumulate operation
output from one analog circuit 3. Note that Sn(t) is generated only in the case where Sn

+(t)>Sn
-(t) (in the case where the

difference between the positive and negative multiply-accumulate results is 0 or more) (see Fig. 9 and the like).
[0391] Thus, in the neuron circuit 9 shown in Fig. 26, it is possible to output the multiply-accumulate result processed
by the ReLU function. Note that the present technology is not limited to the circuit shown in Fig. 26, and an arbitrary
circuit capable of reading charges or the like accumulated in the capacitor 13 may be used as the neuron circuit 9.
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[0392] Fig. 28 is a circuit diagram showing a specific configuration example of a neuron circuit 209 shown in Fig. 15.
The neuron circuit 209 shown in Fig. 28 is a circuit that charges a capacitor 213 at the constant charging speed after
the input period Tin. Further, the neuron circuit 209 receives a pair of positive and negative outputs from the pair of output
lines 7 as inputs, and outputs positive and negative multiply-accumulate results from a pair of output signal lines 10a
and 10b, similarly to Fig. 15. In Fig. 28, a case where charges generated by a signal (step signal) of a TACT system are
input to the neuron circuit 209 will be described.
[0393] The neuron circuit 209 includes a charging unit 280 in addition to an accumulation unit 211 and the output unit
212. The accumulation unit 211 and the charging unit 280 have, for example, the same configuration as that of the
charging unit 80 described with reference to Fig. 26. Note that in the neuron circuit 209 shown in Fig. 28, a pair of multiply-
accumulate signals Sn

+(t) and Sn
-(t) representing positive and negative multiply-accumulate results are output as they

are from comparators 285a and 285b of the output unit 212, respectively. That is, it can be said that the output unit 212
has a configuration obtained by removing the ReLU function circuit 86 from the output unit 12 shown in Fig. 26.
[0394] The charging unit 280 charges the capacitor 213 at the constant charging speed in the output period Tout after
the input period Tin. As described above, the step signal is a signal representing a signal value by timing in the input
period Tin. Here, a signal representing a signal value by the timing rising from low to High in the input period Tin is used.
Note that the rising step signal continues to maintain the High level thereafter (see Fig. 13 and the like).
[0395] Fig. 29 is a timing chart showing an operation example of the neuron circuit 209 shown in Fig. 28. Part A of
Fig. 29 and Part B of Fig. 29 are timing charts respectively showing multiply-accumulate operations for a positive weight
value and a negative weight value.
[0396] In Fig. 29, the step signal is maintained at a High level even after completion of the input period Tin (during the
output period Tout). These step signals charge the capacitor 213 during the output period Tout. That is, during the output
period Tout, the plurality of input signal lines 6 (Axon lines) and the output line 7 constitute a current source, and the
capacitor 13 is charged.
[0397] Therefore, in Fig. 29, the respective Axon lines and the positive and negative output lines 7a and 7b function
as a part of the charging unit 280. In this case, for example, the neuron circuit 209 can be operated in a configuration
in which second selector switches 282a and 282b and the current line In shown in Fig. 28 are excluded and third selector
switches 283a and 283b are short-circuited. As a result, the circuit configuration for charging the capacitor 213 can be
simplified.
[0398] First, first selector switches 281a and 281b are each set to the ON state by the first control line SW1 while the
positive and negative output lines 7a and 7b and the capacitors 213a and 213b are connected (third selector switches
283a and 283b are short-circuited) before the input period Tin is started. As a result, before a multiply-accumulate
operation is performed, the output lines 7a and 7b and the like can be initialized to the GND level (installation level) and
reset.
[0399] In the input period Tin, step signals that rise at timing corresponding to the signal value are input to the plurality
of Axon lines. In the TACT system, a signal that maintains a High level is input from all of the Axon lines subsequently
after the input period Tin. That is, there is a variation in the timing at when the step signal is input in the input period Tin,
but all of the Axon lines are at the High level and constant charges are continuously supplied in the output period Tin.
As a result, the capacitors 213a and 213b can be charged at a constant charging speed.
[0400] The voltages of output nodes 284a and 284b of the capacitors 213a and 213b each increase at a constant
rate. Then, when the voltages (6Dendrite) of the output nodes 284a and 284b reach the threshold voltage of the
comparators 285a and 285b, positive and negative multiply-accumulate signals Sn

+(t) and Sn
-(t) are generated, respec-

tively. The generated Sn
+(t) and Sn

-(t) are output to a subsequent stage as a pair of multiply-accumulate signals. As
described above, by using the step signal of the TACT system, a multiply-accumulate signal representing the multiply-
accumulate result can be generated with a simple configuration.
[0401] Fig. 30 is a timing chart showing another operation example of the neuron circuit 209 shown in Fig. 28. Part A
of Fig. 30 and Part B of Fig. 30 are respectively timing charts showing multiply-accumulate operations for a positive
weight value and a negative weight value. In Fig. 30, the positive and negative output lines 7a and 7b are separated
after the end of the input period Tin. Then, during the output period Tout, the capacitor 213 is charged by the current line In.
[0402] After each of the output lines 7a and 7b and the like is reset to the initial state, the input period Tin is started
and a plurality of step signals are input. At this time, the selector switches 282a and 282b are set to the OFF state, and
the third selector switches 283a and 283b are set to the ON state. As a result, charges corresponding to the signal value
of the step signal are accumulated in the capacitors 213a and 213b from the positive and negative output lines 7a and 7b.
[0403] In Fig. 30, at the timing when the input period Tin is ended, the third selector switches 283a and 283b are set
to the OFF state by the second control line SW2, and the output lines 7a and 7b are separated from the subsequent
stage (the accumulation unit 211 and the output unit 212) of the neuron circuit 209. As a result, as shown in Part A of
Fig. 30 and Part B of Fig. 30, the input from each of the Axon lines is cut in the output period Tout.
[0404] Further, the second selector switches 282a and 282b are set to the ON state at substantially the same time
when the output lines 7a and 7b are separated. As a result, each of the capacitors 213a and 213b are connected to the
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current line In and supplied with the constant currents In+ and In-, respectively. As a result, the capacitors 213a and
213b are charged at a constant charging speed. Further, when the voltages (6Dendrite) of the output nodes 284a and
284b reach the threshold voltage of the comparators 285a and 285b, positive and negative multiply-accumulate signals
Sn

+(t) and Sn
-(t) are generated, respectively.

[0405] As described above, even in the case where the TACT system is used, a multiply-accumulate signal representing
the multiply-accumulate result can be generated using the current line In. As a result, for example, the neuron circuit
209 for the TACT system can be easily configured by using the designing of the neuron circuit 9 (see Fig. 26) used in
the PWM system.
[0406] The configurations of the arithmetic logic unit, analog circuit, synapse circuit, neuron circuit, and the like, the
method of generating a multiply-accumulate signal, and the like described with reference to the drawings are merely
one embodiment, and can be arbitrarily modified without departing from the essence of the present technology. That is,
any other arbitrary configuration, method, and the like for carrying out the present technology may be employed.
[0407] In the present disclosure, "same", "equal", " perpendicular", and the like are concepts including "substantially
the same", "substantially equal", "substantially perpendicular", and the like. For example, the states included in a pre-
determined range (e.g., 610%) with reference to "completely the same", "completely equal", "completely perpendicular",
and the like are also included.
[0408] Out of the feature parts according to the present technology described above, at least two feature parts can
be combined. That is, the various characteristic portions described in the respective embodiments may be arbitrarily
combined without distinguishing from each other in the respective embodiments. It should be noted that the effects
described above are merely illustrative and are not limitative, and may have an additive effect.
[0409] It should be noted that the present technology may take the following configurations.

(1) An arithmetic logic unit, including:

a plurality of input lines, electrical signals being input to the plurality of input lines; and
a multiply-accumulate operation device that includes

a pair of output lines,
a plurality of multiplication units including a weight unit that generates, on the basis of the electrical signals
input to the plurality of input lines, charges corresponding to multiplication values obtained by multiplying
signal values represented by the electrical signals by weight values, a holding unit that holds a binary state,
and a switch unit that outputs, on the basis of the held binary state, the charges generated by the weight
unit to one of the pair of output lines,

an accumulation unit that accumulates the charges output to the pair of output lines by the plurality of multiplication
units, and
an output unit that outputs, on the basis of the accumulated charges, a multiply-accumulate signal representing
a sum of the multiplication values.

(2) The arithmetic logic unit according to (1), in which
the weight unit includes a MOS transistor including an input terminal, an output terminal, and a gate terminal for
controlling conduction between the input terminal and the output terminal.
(3) The arithmetic logic unit according to (2), in which
the weight value is set by a resistance between the input terminal and the output terminal.
(4) The arithmetic logic unit according to (2) or (3), in which
the holding unit includes a first terminal and a second terminal that switch and output, on the basis of the held binary
state, two types of voltages so that the voltages differ from each other.
(5) The arithmetic logic unit according to (4), in which
the gate terminal is connected to the input line, and
the input terminal is connected to one of the first terminal, the second terminal, and a predetermined constant voltage
source.
(6) The arithmetic logic unit according to (4), in which the input terminal is connected to the input line, and
the gate terminal is connected to one of the first terminal, the second terminal, and a predetermined gate voltage
source.
(7) The arithmetic logic unit according to any one of (2) to (6), in which
the weight unit includes a first MOS transistor and a second MOS transistor connected to the same input line, and
the switch unit includes the first and second MOS transistors.
(8) The arithmetic logic unit according to any one of (2) to (6), in which
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the pair of output lines includes a first output line and a second output line, and
the switch unit include a first switch element that connects the output terminal and the first output line to each other
and a second switch element that connects the output terminal and the second output line to each other.
(9) The arithmetic logic unit according to any one of (2) to (5) and (7), in which
the holding unit is connected to the input terminal, and
the weight unit outputs a control signal for controlling the binary state of the holding unit from the input terminal.
(10) The arithmetic logic unit according to any one of (1) to (9), in which
the weight unit generates charges corresponding to a multiplication value obtained by multiplying the signal value
by an absolute value of the weight value, and
the holding unit holds a binary state corresponding to a sign of the weight value.
(11) The arithmetic logic unit according to any one of (1) to (10), in which
the weight value is set to one of a first value and a second value having equal absolute values and different signs
in the plurality of multiplication units.
(12) The arithmetic logic unit according to any one of (1) to (11), in which
the plurality of input lines includes pairs of the input lines, each of the pairs including a first input line and a second
input line, and
the multiplication unit includes a first weight unit connected to the first input line and a second weight unit connected
to the second input line, of the pair of input lines.
(13) The arithmetic logic unit according to (12), in which
the multiplication unit includes a first switch unit that outputs, on the basis of the held binary state, charges generated
by the first weight unit to one of the pair of output lines, and a second switch unit that outputs, on the basis of the
held binary state, charges generated by the second weight unit to the other of the pair of output lines.
(14) The arithmetic logic unit according to any one of (1) to (13), in which
the weight unit includes a high-resistance element that controls an amount of charges corresponding to the multi-
plication value.
(15) The arithmetic logic unit according to any one of (1) to (14), in which
the weight unit includes a MOS transistor that operates in a subthreshold region.
(16) The arithmetic logic unit according to any one of (1) to (15), further including
a plurality of the multiply-accumulate operation devices connected in parallel to each of the plurality of input lines.
(17) The arithmetic logic unit according to (16), in which
the plurality of input lines is wired so as to cross a plurality of pairs of the output lines included in the plurality of
multiply-accumulate operation devices.
(18) The arithmetic logic unit according to any one of (1) to (17), in which
the electrical signal is a signal representing the signal value by timing within an input period or a pulse width,
the multiply-accumulate operation device includes a charging unit that charges the accumulation unit at a constant
charging speed in an output period after the input period, and
the output unit outputs the multiply-accumulate signal by performing threshold determination on a potential of the
accumulation unit in the output period.
(19) The arithmetic logic unit according to (18), in which
the charging unit connects the accumulation unit to the pair of output lines in the input period, and connects the
accumulation unit to a current source in the output period, the current source supplying a current corresponding to
the constant charging speed.
(20) The arithmetic logic unit according to (18) or (19), in which
the charging unit connects the accumulation unit to a GND before the input period.
(21) A multiply-accumulate operation device, including:

a pair of output lines;
a plurality of multiplication units that includes a weight unit that generates, on the basis of electrical signals input
to a plurality of input lines, charges corresponding to multiplication values obtained by multiplying signal values
represented by the electrical signals by weight values, a holding unit that holds a binary state, and a switch unit
that outputs, on the basis of the held binary state, the charges generated by the weight unit to one of the pair
of output lines;
an accumulation unit that accumulates the charges output to the pair of output lines by the plurality of multiplication
units; and
an output unit that outputs, on the basis of the accumulated charges, a multiply-accumulate signal representing
a sum of the multiplication values.

(22) A multiply-accumulate operation circuit, including:
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a pair of output lines;
a plurality of multiplication units that includes a weight unit that generates, on the basis of electrical signals input
to a plurality of input lines, charges corresponding to multiplication values obtained by multiplying signal values
represented by the electrical signals by weight values, a holding unit that holds a binary state, and a switch unit
that outputs, on the basis of the held binary state, the charges generated by the weight unit to one of the pair
of output lines;
an accumulation unit that accumulates the charges output to the pair of output lines by the plurality of multiplication
units; and
an output unit that outputs, on the basis of the accumulated charges, a multiply-accumulate signal representing
a sum of the multiplication values.

(23) A multiply-accumulate operation system, including:

a plurality of input lines, electrical signals being input to the plurality of input lines;
a plurality of analog circuits that includes a pair of output lines, a plurality of multiplication units including a
weight unit that generates, on the basis of the electrical signals input to the plurality of input lines, charges
corresponding to multiplication values obtained by multiplying signal values represented by the electrical signals
by weight values, a holding unit that holds a binary state, and a switch unit that outputs, on the basis of the held
binary state, the charges generated by the weight unit to one of the pair of output lines, an accumulation unit
that accumulates the charges output to the pair of output lines by the plurality of multiplication units, and an
output unit that outputs, on the basis of the accumulated charges, a multiply-accumulate signal representing a
sum of the multiplication values; and
a network circuit configured by connecting the plurality of analog circuits.

(24) The multiply-accumulate operation system according to (23), in which
the plurality of analog circuits is connected in series to each of the plurality of input lines.
(25) The multiply-accumulate operation system according to (24), in which
the plurality of input lines is wired so as to cross a plurality of pairs of the output lines included in the plurality of
analog circuits.
(26) A multiply-accumulate operation method, comprising:

inputting electrical signals to a plurality of input lines;
generating, on a basis of the electrical signals input to the plurality of input lines, charges corresponding to
multiplication values obtained by multiplying signal values represented by the electrical signals by weight values;
holding a binary state;
outputting, on a basis of the held binary state, the generated charges to one of a pair of output lines;
accumulating the charges output to the pair of output lines; and
outputting, on a basis of the accumulated charges, a multiply-accumulate signal representing a sum of the
multiplication values. Reference Signs List

[0410]

3 analog circuit

6 input signal line
6, 6a, 6b Axon line
7 output line
7a, 7b Dendrite line
8, 108, 208, 308, 408, 508, 608, 708 synapse circuit
9, 209 neuron circuit
11, 211 accumulation unit
12, 212 output unit
18, 18a, 18b electrical signal
120 MOS transistor
20a, 220a, 320a, 420a, 520a, 620a, 720a first MOS transistor
20b, 220b, 320b, 420b, 520b, 620b, 720b second MOS transistor
520c, 620c, 720 cthird MOS transistor
520d, 620d, 720d fourth MOS transistor
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30, 130, 230, 330, 430, 530, 630, 730 flip-flop circuit
32a, 132a, 232a, 332a, 432a, 532a, 632a, 732a first terminal
32b, 132b, 232b, 332b, 432b, 532b, 632b, 732b second terminal
60 operating voltage line
61, 61a, 61b control line
80, 280 charging unit
100, 200 arithmetic logic unit

Claims

1. An arithmetic logic unit, comprising:

a plurality of input lines, electrical signals being input to the plurality of input lines; and
a multiply-accumulate operation device that includes

a pair of output lines,
a plurality of multiplication units including a weight unit that generates, on a basis of the electrical signals
input to the plurality of input lines, charges corresponding to multiplication values obtained by multiplying
signal values represented by the electrical signals by weight values, a holding unit that holds a binary state,
and a switch unit that outputs, on a basis of the held binary state, the charges generated by the weight unit
to one of the pair of output lines,
an accumulation unit that accumulates the charges output to the pair of output lines by the plurality of
multiplication units, and
an output unit that outputs, on a basis of the accumulated charges, a multiply-accumulate signal representing
a sum of the multiplication values.

2. The arithmetic logic unit according to claim 1, wherein
the weight unit includes a MOS transistor including an input terminal, an output terminal, and a gate terminal for
controlling conduction between the input terminal and the output terminal.

3. The arithmetic logic unit according to claim 2, wherein
the weight value is set by a resistance between the input terminal and the output terminal.

4. The arithmetic logic unit according to claim 2, wherein
the holding unit includes a first terminal and a second terminal that switch and output, on a basis of the held binary
state, two types of voltages so that the voltages differ from each other.

5. The arithmetic logic unit according to claim 4, wherein
the gate terminal is connected to the input line, and
the input terminal is connected to one of the first terminal, the second terminal, and a predetermined constant voltage
source.

6. The arithmetic logic unit according to claim 4, wherein
the input terminal is connected to the input line, and
the gate terminal is connected to one of the first terminal, the second terminal, and a predetermined gate voltage
source.

7. The arithmetic logic unit according to claim 2, wherein
the weight unit includes a first MOS transistor and a second MOS transistor connected to the same input line, and
the switch unit includes the first and second MOS transistors.

8. The arithmetic logic unit according to claim 2, wherein
the pair of output lines includes a first output line and a second output line, and
the switch unit include a first switch element that connects the output terminal and the first output line to each other
and a second switch element that connects the output terminal and the second output line to each other.

9. The arithmetic logic unit according to claim 2, wherein
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the holding unit is connected to the input terminal, and
the weight unit outputs a control signal for controlling the binary state of the holding unit from the input terminal.

10. The arithmetic logic unit according to claim 1, wherein
the weight unit generates charges corresponding to a multiplication value obtained by multiplying the signal value
by an absolute value of the weight value, and
the holding unit holds a binary state corresponding to a sign of the weight value.

11. The arithmetic logic unit according to claim 1, wherein
the weight value is set to one of a first value and a second value having equal absolute values and different signs
in the plurality of multiplication units.

12. The arithmetic logic unit according to claim 1, wherein
the plurality of input lines includes pairs of the input lines, each of the pairs including a first input line and a second
input line, and
the multiplication unit includes a first weight unit connected to the first input line and a second weight unit connected
to the second input line, of the pair of input lines.

13. The arithmetic logic unit according to claim 12, wherein
the multiplication unit includes a first switch unit that outputs, on a basis of the held binary state, charges generated
by the first weight unit to one of the pair of output lines, and a second switch unit that outputs, on a basis of the held
binary state, charges generated by the second weight unit to the other of the pair of output lines.

14. The arithmetic logic unit according to claim 1, wherein
the weight unit includes a high-resistance element that controls an amount of charges corresponding to the multi-
plication value.

15. The arithmetic logic unit according to claim 1, wherein
the weight unit includes a MOS transistor that operates in a subthreshold region.

16. The arithmetic logic unit according to claim 1, further comprising
a plurality of the multiply-accumulate operation devices connected in parallel to each of the plurality of input lines.

17. The arithmetic logic unit according to claim 16, wherein
the plurality of input lines is wired so as to cross a plurality of pairs of the output lines included in the plurality of
multiply-accumulate operation devices.

18. The arithmetic logic unit according to claim 1, wherein
the electrical signal is a signal representing the signal value by timing within an input period or a pulse width,
the multiply-accumulate operation device includes a charging unit that charges the accumulation unit at a constant
charging speed in an output period after the input period, and
the output unit outputs the multiply-accumulate signal by performing threshold determination on a potential of the
accumulation unit in the output period.

19. The arithmetic logic unit according to claim 18, wherein
the charging unit connects the accumulation unit to the pair of output lines in the input period, and connects the
accumulation unit to a current source in the output period, the current source supplying a current corresponding to
the constant charging speed.

20. The arithmetic logic unit according to claim 18, wherein
the charging unit connects the accumulation unit to a GND before the input period.

21. A multiply-accumulate operation device, comprising:

a pair of output lines;
a plurality of multiplication units that includes a weight unit that generates, on a basis of electrical signals input
to a plurality of input lines, charges corresponding to multiplication values obtained by multiplying signal values
represented by the electrical signals by weight values, a holding unit that holds a binary state, and a switch unit
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that outputs, on a basis of the held binary state, the charges generated by the weight unit to one of the pair of
output lines;
an accumulation unit that accumulates the charges output to the pair of output lines by the plurality of multiplication
units; and
an output unit that outputs, on a basis of the accumulated charges, a multiply-accumulate signal representing
a sum of the multiplication values.

22. A multiply-accumulate operation circuit, comprising:

a pair of output lines;
a plurality of multiplication units that includes a weight unit that generates, on a basis of electrical signals input
to a plurality of input lines, charges corresponding to multiplication values obtained by multiplying signal values
represented by the electrical signals by weight values, a holding unit that holds a binary state, and a switch unit
that outputs, on a basis of the held binary state, the charges generated by the weight unit to one of the pair of
output lines;
an accumulation unit that accumulates the charges output to the pair of output lines by the plurality of multiplication
units; and
an output unit that outputs, on a basis of the accumulated charges, a multiply-accumulate signal representing
a sum of the multiplication values.

23. A multiply-accumulate operation system, comprising:

a plurality of input lines, electrical signals being input to the plurality of input lines;
a plurality of analog circuits that includes a pair of output lines, a plurality of multiplication units including a
weight unit that generates, on a basis of the electrical signals input to the plurality of input lines, charges
corresponding to multiplication values obtained by multiplying signal values represented by the electrical signals
by weight values, a holding unit that holds a binary state, and a switch unit that outputs, on a basis of the held
binary state, the charges generated by the weight unit to one of the pair of output lines, an accumulation unit
that accumulates the charges output to the pair of output lines by the plurality of multiplication units, and an
output unit that outputs, on a basis of the accumulated charges, a multiply-accumulate signal representing a
sum of the multiplication values; and
a network circuit configured by connecting the plurality of analog circuits.
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